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FOREWORD

“Science has contributed immensely to human progress and to the
development of modern society. The application of scientific knowl-
edge continues to furnish powerful means for solving many of the
challenges facing humanity, from food security to diseases such as
AIDS, from pollution to the proliferation of weapons. Recent
advances in information technology, genetics and biotechnology hold
extraordinary prospects for individual well-being and humankind

as a whole.”

- Kofi Annan, United Nations Secretary-General
Science, March 7, 2003

The idea for this report was born out of conversations
between the Task Force on Science and Technology of the
United Nations Millennium Project (commissioned by the
United Nations Secretary-General Kofi Annan) and
researchers at the University of Toronto who had recently
authored a study on the top 10 biotechnologies for improv-
ing health in developing countries. The result explores the
relationships between genomics and the Millennium
Development Goals (MDGs) and shows how cutting-edge
science closely aligns with the UN’s development agenda.
It tackles aspects of both science and policy in the applica-
tion of genomics towards the MDGs, and proposes a frame-
work for collective action to promote genomics world-
wide. Together with UNDP’ 2001 Human Development
Report on Making New Technologies Work for Human
Development and WHO’s 2002 report on Genomics and
Global Health, it is an important benchmark to illustrate
the potential of science and technology to close the devel-
opment gap between Northern and Southern countries.

The MDGs emerged at the UN Millennium Summit in
September 2000 as a set of clear targets for developing
countries to achieve by 2015. They aim to reduce extreme
poverty and hunger, achieve universal primary education
and gender equity, reduce under-five mortality and mater-
nal mortality, reverse the spread of HIV/AIDS, improve

access to safe drinking water and ensure environmental sus-
tainability. The eighth MDG aims to develop a global part-
nership for development, with targets for aid, trade and debt
relief. The long-term vision of the MDGs is to create glob-
al learning mechanisms that can help build capacity in

developing countries.

The ten task forces set up by the Millennium Project are
currently conducting background research and devising a
set of recommendations towards an implementation strate-
gy to help developing countries meet the MDGs. These
task forces are oriented around areas such as poverty,
hunger, primary education, and science and technology.
The mission of the Science and Technology Task Force is
guided by the belief that science is a necessary cog in the
wheel of development. It is not difficult to argue that sci-
ence, technology and innovation underpin every MDG —
maternal and child mortality, hunger, infectious diseases,
education, gender equity (influenced by health and educa-
tion) and environmental sustainability. The 2001 Human
Development Report identified technical progress as the
largest contributor towards reduced mortality rates and

improved life expectancy in the period 1960-1990.

This report uses the case of genomics to show how emerg-
ing technology can be incorporated into a variety of
approaches used to meet the MDGs. Illustrating its argu-
ment through examples, it demonstrates the urgent need
for developing countries to harness new science for devel-
opment. It describes initiatives to create a conducive sci-
ence policy environment, an essential building block for
strengthening capacity to absorb and implement new tech-
nologies, and human resources to encourage R&D, enter-
prise and growth. By highlighting the global public goods
characteristics of the science, the report outlines the ele-
ments of a concrete action plan — the creation of a global
partnership for multi-sectoral and multidisciplinary collab-

oration to promote genomics worldwide.
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This report will be of interest to actors from several disci-
plines, ranging from scientists to policy-makers — they will
find that it moves seamlessly from policy to science and

back in a highly interdisciplinary way.

The completion of the Human Genome Project in April
2003 was celebrated with great fanfare, but its potential
contribution to developing countries went unnoticed.
Developing countries were conspicuous in their absence
from Francis Collins’ agenda in the April 24th, 2003 issue
of Nature. This report brings developing countries into the
limelight, and furthermore focuses on a coherent vision
supported by a policy framework — innovation for develop-
ment. Given Secretary-General Kofi Annan’s call to world
scientists to forge global alliances for achieving develop-
ment goals, this is the right time to explore the issues dis-
cussed here. As an illustration, this report plays a crucial role
in helping the international and national policy makers,
stakeholders and development practitioners understand the
ways in which science, technology and innovation can con-
tribute to long-term improvement of human welfare and

economic transformation in developing countries.
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Co-coordinator
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Millennium Project

Professor of the Practice of International Development

John E Kennedy School of Government, Harvard University

Lee Yee-Cheong

Co-coordinator
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EXECUTIVE SUMMARY

century of innovation in science and technology,

together with improvements in socio-economic

conditions, has brought better health, longer lives
and an improved quality of life for many. However, the ben-
efits of modern medicine have still not reached billions of
people in developing countries. Each year an estimated 11
million children die, mainly in developing countries, before
reaching their fifth birthday, mostly from malnutrition or
diseases that are considered easily preventable in the indus-
trial world. The growing health crises, particularly in
HIV/AIDS, malaria and tuberculosis, are reversing some of
the gains of past decades. Average life expectancy is forecast
to drop to less than 30 years in several countries in sub-
Saharan Africa within a decade if nothing is done to reverse
the trend. Meanwhile, in many industrial nations, the aver-
age person can look forward to more than 80 years of life.

Good health is essential not only for quality of life, but
also for the social and economic development that is need-
ed to alleviate poverty, which is at the root of many health
problems. Genomics (the powerful new wave of health-
related life sciences energized by the human genome pro-
ject and the knowledge and tools it is spawning) is a rela-
tively new field, but it has tremendous potential to address
health problems in developing countries, if we rise to the
challenge. This report explains how genomics and related
health biotechnologies can improve global health, how the
world can unite in a global approach to make it happen, and
what steps developing countries themselves are taking to
harness these technologies.

We see a strong connection between genomics and the
United Nations Millennium Development Goals (MDGs).
These eight goals were adopted by all UN members in
2000 in a commitment to promote sustainable develop-
ment and eliminate poverty in the world. The first seven
goals are directed at specific objectives in promoting devel-
opment and improving people’s lives, including health,
while the eighth goal, developing a global partnership for
development, focuses on how to achieve the objectives. The

Millennium Project established task forces to come up with
strategies to help developing countries achieve the MDGs.
One of these is the Science and Technology Task Force, cre-
ated because many of the MDGs cannot be realized with-
out a strong contribution from science and technology.

Technologies such as genomics, including DNA
sequencing and bioinformatics, once considered expensive,
exotic and applicable only to wealthy nations, have been
rapidly evolving. Some applications have become simpler
and cheaper to the point that they can start replacing older
technologies that are used for health care in poorer nations.
Such simple and easy to use tests are being developed for
TB, hepatitis C and other diseases. Recombinant vaccines,
a result of genetic engineering, promise to be safer, cheap-
er and easier to store than traditional vaccines.
Microorganisms with remarkable biochemical properties
show promise of being able to reduce pollution, making
water safer to drink.

The purpose of this report is to focus on the role of
genomics and related health biotechnologies as an example
of the application of science, technology and innovation to
improve global health and contribute towards meeting the
United Nations Millennium Development Goals (MDGs).

Genomics offers a powerful new set of tools to improve
health globally. The science of genomics is generating vast
amounts of new knowledge, which can be used creatively
in the development of new diagnostic technologies, treat-
ments and preventive programs. This means economic
opportunities for developing as well as industrialized
nations.

How can poorer nations get more access to genomics
for development? Much genomics knowledge has been
made public, so it can be considered a global public good,
although private companies make use of this information
to develop products and services. We need a governance
mechanism that fosters a balance between the global pub-
lic goods characteristics of genomics knowledge and the
private goods nature of its application. We propose the
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creation of a global partnership, the Global Genomics
Initiative (GGI), to promote genomics for health. We see
this as a global network of industry leaders, academics, con-
cerned citizens, members of NGOs and government offi-
cials, with strong representation from the developing world.

Finally, our report tackles the challenge of how to put
genomics and related technologies to work in developing
countries within the next 5-10 years. We feel that develop-
ing countries with the scientific capacity and institutional
arrangements that allow creation, utilization, adaptation or
diftusion of genomics are well positioned to harness this
new science for development. We see examples of strategies
that some countries have followed to institute learning
processes that can help them build their national systems of’
innovation in biotechnology.

The challenge we face is for industrialized and develop-
ing nations, and developing nations themselves, to build
partnerships that will share the fruits of genomic knowl-
edge, and thus help to build a better, healthier and more sta-
ble world. The conclusions of our report follow.
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CONCLUSIONS

. The development gap between developing countries
and the industrialized world continues to grow. The
international community is beginning to promote sci-
ence and technology to reduce this gap. The genomics
revolution holds tremendous potential to improve
health in developing countries and, if harnessed
appropriately, could help to reduce the development
divide between North and South.

. Genomics and related biotechnologies can help to
United

Development Goals. Fast, accurate molecular diagnos-

achieve  the Nations  Millennium
tic devices, safer recombinant vaccines, female-con-
trolled vaginal microbicides and low-cost bioremedi-
ation tools are a few of the biotechnologies that can

have an impact.

. Genomics knowledge has the characteristics of a glob-
al public good. In order to harness the benefits of
genomics for development, the developing world
needs, above all, access to genomics knowledge.

. The promotion of the science of genomics as a global
public good and the encouragement of global knowl-
edge flows could best be achieved through interna-
tional partnerships. A Global Genomics Initiative
(GGI) or international partnership of public and pri-
vate entities from both North and South could cat-
alyze genomics knowledge and learning worldwide.

. Countries that have genomics capacity are best posi-
tioned to take advantage of the genomics revolution
to meet their health needs. For the transfer of tech-
nologies to be effective and sustainable, they must be
accompanied by transfer of science and knowledge. As
well, receiving countries must have the capacity to

absorb and use the technology.

6. Learning 1s important for building genomics capacity,

and 1s central to the creation of National Systems of
Innovation (NSI) in biotechnology in developing
countries. These countries can strengthen the building
blocks of the NSI framework through:

a. Re-energizing academic institutions and public

sector research to strengthen their science base.

b. Training people and building human capital to use,

adapt and innovate biotechnologies.

c. Encouraging regional and international cooperation
to create new channels for knowledge exchange

and trade.

d. Improving the policy environment (including
intellectual property laws and regulation) to

encourage the building of capacity.

e. Fostering the growth of the private sector and
encouraging it to address local health needs, and
strengthening linkages between public and private
sectors to create new biotechnology goods and

services.
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— CHAPTER ONE —

GENOMICS FOR HEALTH
AND DEVELOPMENT

“The scientific community’s basic concern for human welfare makes it an indispensable partner of the United Nations”

-Kofi Annan, 2003

ver the last 100 years, innovations in science and

technology, together with improved socio-eco-

nomic conditions, have resulted in improved
health, quality of life and a vast increase in people’s life
expectancy worldwide. In light of this impressive record it
is disheartening that the benefits of modern medicine still
do not reach billions of people in the poorer parts of the
world.! Children and adults are undernourished, live in
poor housing with few modern facilities, such as clean, run-
ning water, and die from various, often preventable, illness-
es in the prime of their lives. While there are many factors
that come into play in the complex issue of development,
it is widely accepted that science and technology plays a
critical role in improving health in developing countries.

Genomics® and related biotechnologies constitute an
exciting new field of science that possesses tremendous
potential to address health problems in developing coun-
tries — if we rise to the challenge. The purpose of this report
is to focus on the role of genomics and related health
biotechnologies as an example of the application of science,
technology and innovation (STI) to improve global health
and contribute towards meeting the United Nations
Millennium Development Goals.*

The Millennium Development Goals (MDGs) grew out
of the commitment of the United Nations to promote sus-
tained development and eliminate poverty all over the
world. They help quantify progress by defining targets and
indicators to measure them. The first seven MDGs are
directed at specific objectives in promoting development
and improving people’s lives, while the eighth goal,‘a glob-
al partnership for development’, focuses on the means to
achieve them. Many of the goals address health issues
directly, such as improving infant and maternal health and
reducing the prevalence of infectious diseases (see Table
1.1). The MDGs have become the international standard

for measuring and tracking improvements in development.
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Therefore, the MDGs have the advantage of (i) agreement
and support with the leaders of all UN member states, (ii)
offering a comprehensive and multi-dimensional develop-
ment framework, and (iii) setting clear quantifiable goals for
all countries to meet by 2015. Although the MDGs, espe-
cially the health-related ones, have their critics, they do rep-
resent a standard by which progress may be measured.

The Millennium Project, whose mission is to devise and
recommend operational frameworks to help developing
countries achieve the MDGs, has set up ten thematically-
oriented task forces, consisting of experts and leading prac-
titioners. These task forces have carried out detailed and
comprehensive research in each thematic area on the sci-
ence, public health needs and medical interventions, as well
as the social, political and economic issues. The goals of the
Science and Technology Task Force are to address how sci-
ence and technology can be enhanced and applied to help
all countries achieve the MDGs. Its mission is guided by
the understanding that most of the MDGs cannot be
reached without a strong contribution from science and
technology (Box 1.1).°

BOX 1.1 THE INTERIM REPORT OF THE SCIENCE AND
TECHNOLOGY TASK FORCE

The interim report of the Task Force outlines approaches for using
science, technology and innovation to achieve the MDGs.
Meeting the goals will require a substantial reorientation of
development policies to focus on key sources of economic
growth, especially those associated with the use of new knowl-
edge. Development involves the introduction of new knowledge
into the economic system accompanied by institutional adapta-
tion and continuous technological improvement. The report
offers a conceptual framework under which economic change
is viewed as a learning process by which knowledge is trans-
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formed into goods and services through systemic interactions
among various parts of the economy. The report states that gov-
ernments need to facilitate technological learning, but it is in
enterprises that the learning occurs, and where technological
capability accumulates. It places particular emphasis on inter-
actions among government, industry and knowledge-generating
institutions to achieve the desired economic changes. The report
lists four priority areas that require policy focus: managing tech-
nological innovation in a rapidly globalizing world; redefining
infrastructure development as a foundation for technological
innovation; building human capabilities with specific emphasis
on the scientific, technological and engineering sciences
through institutions of higher learning; and enhancing entrepre-
neurship though the creation and expansion of businesses
(including the effective use of intellectual, human, financial and
social capital). It recommends policy innovations needed to
bring science and technology to the core of development efforts,
particularly the strengthening of science and technology advice
at the national level, and realigning the activities of internation-
al institutions to reflect the technological imperatives of the goals.

SOURCE: www.unmillenniumproject.org/documents/1f10interim.pdf

This report on genomics lends support to the findings of
the Science and Technology Task Force by using genomics
as an example of scientific technology and innovation for
achieving the MDGs. The report describes ways in which
genomics can help to meet the MDGs, and proposes a
framework for action that places science, technology and

innovation at the center of the development agenda.
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TABLE 1.1: UNITED NATIONS MILLENNIUM DEVELOPMENT GOALS

Goal 1: Eradicate extreme Target 1: Halve, between 1990 and 2015, the proportion of people whose income is less than
poverty and hunger one dollar a day
Target 2: Halve, between 1990 and 2015, the proportion of people who suffer from hunger
Goal 2: Achieve universal Target 3: Ensure that, by 2015, children everywhere, boys and girls alike, will be able to com-
primary education plete a full course of primary schooling
Goal 3: Promote gender equality Target 4: Eliminate gender disparity in primary and secondary education, preferably by 2005,
and empower women and to all levels of education no later than 2015
Goal 4: Reduce child mortality Target 5: Reduce by two-thirds, between 1990 and 2015, the under-five mortality rate
Goal 5: Improve maternal health Target 6: Reduce by three-quarters, between 1990 and 2015, the maternal mortality ratio
Goal 6: Combat HIV/AIDS, Target 7: Have halted by 2015 and begun to reverse the spread of HIV/AIDS
malaria and other diseases Target 8: Have halted by 2015 and begun to reverse the incidence of malaria and other major
diseases
Goal 7: Ensure environmental Target 9: Integrate the principles of sustainable development into country policies and programmes
sustainability and reverse the loss of environmental resources
Target 10: Halve, by 2015, the proportion of people without sustainable access to safe drinking
water
Target 11: By 2020, to have achieved a significant improvement in the lives of at least 1200 million
slum dwellers
Goal 8: Develop a global part- Target 12:  Further develop an open, rule-based, predictable, non-discriminatory trading and financial
nership for development system
Target 13:  Address the special needs of the Least Developed Countries
Target 14:  Address the special needs of landlocked countries and small island developing states
Target 15: Deal comprehensively with the debt problems of developing countries through national
and international measures in order to make debt sustainable in the long term
Target 16: In co-operation with developing countries, develop and implement strategies for decent
and productive work for youth
Target 17: In co-operation with pharmaceutical companies, provide access to affordable, essential
drugs in developing countries
Target 18: In co-operation with the private sector, make available the benefits of new technologies,

especially information and communications

SOURCE: www.developmentgoals.org
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Science, Technology and Innovation for
Health and Development

The benefits of technology
Science, technology and innovation (STI) constitute a major
force in modern times for development. Technology break-
throughs in the biomedical sciences during the 20th centu-
ry have helped to remove many obstacles to development.®
With the aid of science and technology, new opportunities
have arisen in diverse aspects of peoples’ lives: in increasing
their productive capacity, improving health, simplifying
communications and in controlling adverse effects of nature.
For example, advances in biomedical sciences, such as vac-
cines and antibiotics, made it possible for East Asia and Latin
America in the 20th century to improve the health of their
populations and increase their life expectancy faster than it
took Europe to do so in the 19th century.” This is support-
ed by a World Bank study that shows that science and tech-
nology have accounted for a worldwide average drop in
mortality rate of over 40% between 1960 and 1990.°

There is also some empirical evidence for the positive
influence of S&T on economic development.” Development
experts and policymakers tend to agree that investment in sci-
ence and technology is important for economic growth and
development (see Box 1.2). Although economists have not
been able to establish a clear quantitative relationship between
S&T and economic development, they have made observa-
tions that support the existence of one. Innovations fuelled by
science and technology seem to be a determining factor in
how competitive economies are (for developed countries)."
The link between S&T investment and economic growth in
developing countries appears to be more tenuous at present.
An early example where S&T investment seems to have had
a positive impact on economic growth is Japan, followed
more recently by China, India and Brazil. Many policymak-
ers in industrialized and developing countries accept that
S&T, although not a ‘magic bullet’, is at least a component of
sound economic development strategy.

BOX 1.2 INTER-ACADEMY COUNCIL ON SCIENCE
AND TECHNOLOGY CAPACITY

The Inter-Academy Council on Science and Technology
Capacity (IAC), chaired by Bruce Alberts, President of the
U.S. National Academies of Science, was created in May
2000 to bring together international science academies to
discuss the scientific aspects of problems of global concerns.
The aim of this initiative was to develop a global strategy for
promoting capacities in science and technology and the first
report of the Council was recently presented to UN Secretary
General Kofi Annan.**

This report builds on the view that mobilization of sound sci-
entific knowledge and evidence-based principles is needed
to address critical world issues such as poverty, disease, the
effects of globalization and economic transformation. The
report recognizes the importance of partnerships between the
world’s scientific communities to help bring the benefits of sci-
ence and technology to all areas of the globe. By enhancing
local S&T capacity, the benefits of science will connect
national cultures in a way that eliminates the growing tech-
nology gaps between developed and developing nations.
This report proposes a vision for every nation to develop an
S&T strategy.

Among its key points:

= Science and technology can help achieve economic well-
being and social justice. However there must be:

1) a national commitment by the public and private sectors to
promote science and technology

2) a mechanism for providing S&T inputs into decision making

3) procedures for a broad dissemination of S&T knowledge.

= There is a critical need for problem-solvers to work together
in an interdisciplinary and systems-level approach to deal
with issues in such fields as science and technology, agri-
culture, engineering and medicine.
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= Countries must create, maintain and continually modernize
an educational base for training their youth to become the
new generation of scientists and engineers.

= Countries need research institutions for S&T capacity, includ-
ing: autonomous centers of excellence, strong universities, vir-
tual networks of excellence and independent national or
regional academies of science, engineering and medicine.

= For-profit organizations are the world’s predominant force in
using S&T for the production and distribution of new goods
and services. It is important to create an enabling environ-
ment for business, so the private sector can build S&T capac-
ity that will lead to economic growth in developing nations.

= Both industrialized and developing nations need to commit
themselves to building funding mechanisms to develop the
S&T capacities of developing nations.

= Achieving these goals require collaboration among a wide
range of actors at the international level.

The report provides a vision for increasing S&T capacity in
developing countries by strengthening the building blocks of
innovation systems through: 1) national policies that nurture a
nation’s S&T capacity and, 2) an international coalition that pro-
motes knowledge flows from developed to developing nations.

SOURCE: http://www.interacademycouncil .net/reports.asp

THE NEED FOR GOOD HEALTH
Despite the positive influence of modern science and tech-
nology on life expectancy and health, in recent years the
world has seen an alarming rise in the incidence of infec-
tious diseases, particularly HIV/AIDS. In many sub-Saharan
African countries life expectancy had been rising during
most of the last century but has actually fallen in recent
times due to the AIDS crisis.”” New technologies to deal
with this, and other infectious diseases, are in high demand
but are still unavailable.

It is no surprise that most people in the world view good
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health as a pre-requisite for quality of life. Good health is
crucial for survival and is essential for productivity and
therefore for social and economic development. The
Commission on Macroeconomics and Health showed that
the linkages of health to poverty reduction and to long-
term economic growth are powerful.” Empirical evidence
suggests that countries with low levels of health and educa-
tion have a much more difficult time achieving sustained
economic growth than countries with higher levels of
health and education. Even after controlling for the effect
of macroeconomic variables such as structural characteris-
tics of the economy, health status continues to explain an
important percentage of the differences in economic
growth between countries.™ 1

Investing in health is therefore an effective strategy to
boost economic development and contribute to the efforts
to meet the Millennium Development Goals. According to
the Commission on Macroeconomics and Health, most
governments in developing countries and the international
donor community have seriously underestimated the value
of investing in health. To make the case for investing in
health, it estimated that approximately 330 million disabil-
ity-adjusted life years (DALY - one disability-adjusted life-
year is defined as the loss of one year of healthy life to dis-
ease) could be saved for every 8 million deaths prevented,
generating economic benefit of US$186 billion per year as
of 2015. This would require additional annual health out-
lays, for all low-income countries and selected middle-
income countries, of US $57 billion by 2007 and US $94
billion by 2015."

Investing in health provides the resources to develop and
enhance tools to address health problems of people in
developing countries. One current obstacle to developing
such tools is that most ongoing health research is largely
aimed at health problems in richer countries. Ninety per-
cent of all health research expenditure is targeted at prob-
lems affecting only ten percent of the world’s population -
the so-called “10/90 gap”."” As an illustrative example, of
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the 1,223 new drugs introduced to the world market
between 1975 and 1996, only 13 were aimed specifically at

treating tropical diseases.®

The Potential of Genomics
Medicine and the biomedical sciences are currently in the
midst of a fundamental change that is fueled by the
genomics revolution. In its report on “Genomics and World
Health” the World Health Organization’s Advisory
Committee on Health Research observed that the applica-
tion of knowledge gained from the characterization of the
genomes of organisms holds enormous potential for the
development of new health care innovations over the com-
ing decades.” With increased understanding of the molec-
ular basis of diseases and their causation, the way we iden-
tify, prevent, diagnose, and treat diseases in the new millen-
nium is bound to change.

The science of genomics is generating vast amounts of
new knowledge. Once generated, this knowledge can be
used creatively in the development of new diagnostic tech-

nologies, treatments and preventive programs.

BOX 1.3 GENES AND GENETICS;
GENOME AND GENOMICS

Genes carry information about physical and functional inheri-
tance vertically between generations. They are composed of
deoxyribonucleic acid (DNA), arranged in the famous ‘double
helix’, which carries the genetic instructions for making living
organisms, establishing how a particular organism with its own
unigue characteristics will be formed.**® Although genes carry
hereditary information, it is the interactions of genes both with
each other as well as with the environment that determine the
phenotype. The field of genetics generally refers to the study of
genes — most often of single genes, or a small number of genes
— to determine the specific roles of these genes in diseases or
in physical characteristics of an individual organism.

The genome refers to an organism’s entire genetic material, that
is, their complete set of DNA contained in each cell.*® The
human genome is therefore the genetic material that ‘makes’ a
human, estimated at between 30,000 and 40,000 genes.?*"*
The science of genomics, therefore involves the examination of
an organism’s entire set of genes and their interactions in a
comprehensive analysis of the genetic components of organ-
isms. This covers structural genomics, the ‘mapping’ and
‘sequencing’ of the entire genome of an organism, and func-
tional genomics, which seeks to understand the function and
interaction of genes.*

In this report, we refer to genomics as the powerful new wave of
health related life sciences energized by the human genome pro-
ject and the knowledge and tools and scientific fields it is spawn-
ing. These include, for example, bioinformatics and proteomics.

Genomics requires massive amounts of information to be
collected and analysed. The field has evolved over the last
few decades in large part due to advances in sequencing
technology, as well as information and communication
technology. Automated DNA sequencing and genotyping
have made it possible to characterize rapidly large numbers
of genes. The means to manage, store and process enormous
databases of biological information have spawned an entire-
ly new field — bioinformatics.” **

These developments hold tremendous promise for the
prevention, diagnosis and treatment of some of the major
diseases affecting humankind, including HIV, malaria, and
tuberculosis, as well as non-communicable diseases such as
diabetes, cancer and cardiovascular disease. Genomics can
also be applied to understand the genetics of bacteria,
plants, and animals. Many genomes have been sequenced
and mapped. In fact, the first genome sequence (that of H.
influenzae) was completed in 1995, by researchers at The
Institute for Genomic Research (TIGR).” The sequence
was a mere 1.8 million base-pairs, compared with the 3.2
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billion base-pairs of the human genome. Many other
genomes of the plant and animal kingdom have been
sequenced, ranging from common yeast to rice, and all
these sequencing achievements promise to enhance scien-
tific knowledge. In October 2002, scientists published the
sequence of the parasites responsible for human malaria,
Plasmodium falciparum, as well as the mosquito that carries
it, Anopheles gambiae.”® The knowledge of these genomes,
together with the knowledge of the human genome, can
be used to develop new drug and vaccine targets against
malaria. Genomics can be applied in a wide range of
products, which we will describe in further detail in
Chapter 2.

BOX 1.4 THE HUMAN GENOME PROJECT

The bestknown genomics project is the Human Genome
Project that began in 1990 and was largely completed in April
2003. This is a large-scale global project, involving research
teams in 20 different countries, allocated over US $3 billion in
public sector funding alone.*” It arose from the need for a glob-
al approach to tackle the enormous and complex task of
sequencing the 3.2 billion bases in the human genome. This
concerted effort resulted in the sequencing of 94% of the
human genome by February 2001, and complete sequencing
in April 2003, two years earlier than in the original plan.?® This
acceleration was at least partly due to competition from
Celera, a private biotechnology company based in Rockville,
Maryland. In 1998, Celera challenged the Human Genome
Project to a duel, claiming that it would use a faster sequenc-
ing method (the ‘shotgun’ method) and novel computer algo-
rithms to complete the human genome sequence by 2003.
One of the criticisms against Celera was that the data it gen-
erated were only accessible through private subscription. On
the other hand, the public venture made the data available
without restrictions within 24 hours of assembly.

There may also be direct economic benefits of genomics. It is
already a significant contributor to the biotechnology sec-
tor.” Despite early setbacks, the genomics-based pharma-
ceutical market was expected to grow from US $2.2 billion
in 1999 to US $8.2 billion in 2004.° The major economic
players in the world are not the only ones expected to ben-
efit from genomics. Cuba, for example, has invested heavi-
ly since the 1980’ in research infrastructure and manufac-
turing in biotechnology. As a result biotechnology is poised
to become a major export industry in Cuba.”

In order to reap direct economic benefit from
genomics, countries will have to be active participants in
the development and manufacturing of genomics prod-
ucts. Those countries that will benefit the most from
genomics are those that have appropriate health products
to improve the health of their populations and who are
active in developing and supplying those products. This
will involve engaging and stimulating the private sector,
without which the production and commercialization of
new biotechnology products will be a challenge. As high-
lighted by the UN Commission on Private Sector and
Development report, “Unleashing Entrepreneurship: Making
Business Work for the Poor,” the process of commercializa-
tion for development involves the dissemination and facil-
itation of knowledge flows between public and private
sectors of both developed and developing markets.” The
report recommends action in both the public and private
spheres, but also emphasizes the linkages between these
spheres, recognizing the importance of cooperation and

partnerships to achieve goals (Box 1.5).

BOX 1.5 THE REPORT OF THE UN COMMISSION ON
PRIVATE SECTOR AND DEVELOPMENT

The Commission on the Private Sector and Development (co-
chaired by Canadian Prime Minister Paul Martin and former
Mexican President Ernesto Zedillo) has presented a report titled
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“Unleashing Entrepreneurship: Making Business Work for the
Poor” to UN Secretary-General Kofi Annan. The objective of
the Commission was to identify the legal, financial, and struc-
tural obstacles blocking the expansion of the indigenous private
sector in developing countries, with a special focus on the
poorest regions and communities. The report calls for targeted
policy reforms and other initiatives that would spur growth in
the local businesses that are critical to the eradication of pover-
ty in the developing world.

Chapter 1 describes the importance of the private sector in
alleviating poverty. Through sustained economic growth,
employment within the domestic private sector can flourish and
provide the key link between growth and poverty alleviation in
developing countries.

Chapter 2 outlines three major structural challenges that con-
front the private sector in developing countries: 1) Micro-enter-
prises and many small and medium enterprises (SMEs) operate
informally; 2) Many SMEs have barriers to growth; 3) A lack
of competitive pressure shields larger firms from market forces
and from the need to innovate. This chapter also emphasizes
the need for a strong foundation in the global and domestic
macro environments, physical and social infrastructure and rule
of law when building a private sector. Chapter 3 focuses on
specific actions that are needed to foster the rule of law and to
create a level playing field for entrepreneurship, as well as to
improve access to financing and the availability of skills and
knowledge. It notes that a level playing field, access to
finance, and knowledge and skills are key factors within the
domestic private sector.

Chapter 4 provides an analysis of how better to engage the
private sector in addressing the development challenge.
Through private actions and public-private partnerships the
power of linkages and networks will increase the potential for
sustainable development, improving corporate governance
and advancing corporate social responsibility standards.

Chapter 5 outlines recommended actions within three areas:
Public Sphere: Promote the reform of laws, regulations and
other barriers to growth.

CHAPTER ONE

Public-Private Sphere: Facilitate cooperation and partner-
ships between public and private players to enhance access to
such key factors as financing, skills and basic services.

Private Sphere: Encourage the development of business
models that can be scaled up and copied and that are com-
mercially sustainable.

The Commission intends to see its recommendations put into
practice, unleashing the full economic and social potential of
small and medium-sized businesses employing and serving the
world’s poor.

SOURCE: http://www.undp.org/cpsd/

Bridging the Genomics Divide

Genomics has the potential to benefit both developing and
industrialized countries. The term genomics no doubt
evokes images of sequencing laboratories at Stanford or
Cambridge, or biotechnology companies like Celera or
Human Genome Sciences. But these images do not have to
be specific to industrialized countries. There is no reason
why genomics should not also conjure up visions of ven-
ture capital firms in India, laboratories in Brazil and
biotechnology firms in South Africa. The WHO Advisory
Committee on Health Research stresses that the proven
benefits from this field should be made available to devel-
oping countries. So far, most biotechnologies are being
applied primarily to health problems in industrialized
countries, creating concern that the world is witnessing the
formation of a ‘genomics divide’ between North and
South.” If unchecked, this inequity could lead to even
greater disparities in health, as wealthier countries become
healthier, and the spread of infectious disease, the rise in
chronic illness and persistent environmental pollution con-
tinue to degrade health and hold back progress in develop-
ing countries. It is therefore timely to focus on whether,
and how, genomics can make major contributions towards

meeting the Millennium Development Goals.
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One recent initiative that aims to leverage basic science
and engage the world’s best scientific minds in global
health is the Grand Challenges in Global Health program,
sponsored by the Bill and Melinda Gates Foundation, and
administered by the Foundation for the National Institutes
of Health (Box 1.6).”

BOX 1.6 GRAND CHALLENGES IN GLOBAL HEALTH

On January 26, 2003, at the World Economic Forum in Davos,
Switzerland, Bill Gates announced a $200-million medical
research initiative, the Grand Challenges in Global Health.

A grand challenge was described as, “a call for a specific sci-
entific or technological innovation that would remove a critical
barrier to solving an important health problem in the developing
world with a high likelihood of global impact and feasibility.” A
grand challenge is distinct from one of the many “big problems”
in global health, such as HIV/ZAIDS, malnutrition, the lack of
access to medical care, or the lack of adequate resources. A
grand challenge is meant to direct investigators to a specific sci-
entific or technical breakthrough that would be expected to over-
come one or more bottlenecks in an imagined path toward a
solution to one or preferably several significant health problems.

The efforts to identify Grand Challenges in Global Health
relied on financial and administrative resources of two collab-
orating foundations, the BMGF and the Foundation for the
National Institutes of Health (NIH); a selection panel (scientific
board) of 20 scientists and public health experts from 13 coun-
tries, including several from the developing world; and on the
scientific community to supply ideas for challenges. This policy
forum also outlined the next steps that will be taken to fund
research and address those challenges in subsequent years.

Following the announcement of the Grand Challenges, the
Foundation for NIH issued a Request for Proposals to address
each of the challenges with grants of up to a total of $20 mil-
lion over five years or less. How many grants will be made
toward each challenge and how many of the 14 challenges

will have funded grants will depend on the quality of the pro-
posals and the available resources.

Applications will be invited from anywhere in the world, from
one or multiple institutions or countries in the developed or devel-
oping world, and from non-profit and for profit institutions. The
Foundation for NIH will oversee the application and award
processes, will encourage the participation of developing-coun-
try researchers and will be available to advise about organizing
inter-institutional or international consortia where appropriate.

The scientific board expects to continue to seek candidate
challenges through new solicitations of ideas, the convening of
workshops with invited speakers on defined topics, and con-
tinued discussion among members of the board. In the very
design of its gift, the BMGF has challenged the world’s scien-
tists to produce a program that has the potential to improve the
lives of many people.

Within three months of the Call for Ideas in May 2003,
1,048 submissions were received from scientists and institu-
tions in 75 countries.

Goals and Grand Challenges

To improve childhood vaccines:

GC 1: Create effective single-dose vaccines that can be used
soon after birth;

GC 2: Prepare vaccines that do not require refrigeration;

GC 3: Develop needlefree delivery systems for vaccines.

To create new vaccines:

GC 4: Devise reliable tests in model systems to evaluate live
attenuated vaccines;

GC 5: Solve how to design antigens for effective, protective
immunity;

GC 6: Learn which immunological responses provide protec-
tive immunity.

To control insects that transmit agents of disease:
GC 7: Develop a genetic strategy to deplete or incapacitate a
disease-transmitting insect population;
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GC 8: Develop a chemical strategy to deplete or incapacitate
a disease-transmitting insect population.

To improve nutrition to promote health:
GC 9: Create a full range of optimal bioavailable nutrients in
a single staple plant species.

To improve drug treatment of infectious diseases:
GC 10: Discover drugs and delivery systems that minimize the
likelihood of drug resistant microorganisms.

To cure latent and chronic infections:

GC 11: Create therapies that can cure latent infections;

GC 12: Create immunological methods that can cure chronic
infections.

To measure disease and health status accurately and econom-

ically in poor countries:

GC 13: Develop technologies that permit quantitative assess-
ment of population health status;

GC 14: Develop technologies that allow assessment of indi-
viduals for multiple conditions or pathogens at point-
of-care.

SOURCE: www.grandchallengesgh.org

Governments of industrialized countries can also take steps
to spread the benefits of science and technology. Canada is
one country that has pledged action to harness its R&D
capabilities to address global problems (Box 1.7).

CHAPTER ONE

BOX 1.7 CANADA'S COMMITMENT TO S&T FOR
DEVELOPMENT

The Canadian federal government has invested over $13 bil-
lion (Canadian) in the past six years in innovation initiatives
such as the creation of new research institutions and programs
like the Canadian Foundation for Innovation, the Canada
Research Chairs, Genome Canada and the Canadian
Institutes for Health Research. These initiatives complement the
work of such wellknown institutions as the International
Development Research Centre. Current annual funding for R&D
for development is approximately one per cent of Canada’s
total annual R&D expenditures. In the Speech from the Throne
in February 2004, the federal government said that Canada is
a knowledge-rich country. “We must apply more of our
research and science to help address the most pressing prob-
lems of developing countries.” In his reply to the Speech from
the Throne, Prime Minister Paul Martin said: “Our long-term
goal as a country should be to devote no less than five per cent
of our R&D investment to a knowledge-based approach to
develop assistance for less fortunate countries.”

SOURCE: www.pm.gc.ca/eng/

Genomics cannot solve all health and development prob-
lems, but a balanced approach is a more pragmatic strategy,
where conventional public health approaches are combined
with genomics-based technologies wherever feasible and
practical. The case of malaria is a good example.
Conventional methods to control malaria include bed nets
treated with insecticide, or covers on open drains to limit
mosquito breeding. These methods can be used in combi-
nation with new approaches to malaria control, such as new
malaria vaccines and drugs (currently in clinical trials) and
genetically altering mosquitoes to block the cycle of para-

site transmission.
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Similarly, it is unlikely that achieving good health will
solve all the problems associated with poverty.
Development is not an automatic process but requires a
careful, considered approach that stimulates many factors
simultaneously. One such comprehensive approach would
be to invest in established indicators of development - edu-
cation, living conditions, infrastructure, and improved gov-
ernance - as well as new and emerging technologies like
genomics. The dire conditions in developing countries
require us to focus on all possible tools to promote health
and development. The potential of genomics and other
modern health biotechnologies are so compelling that they
should be seriously considered to be an integral part of a
sound overall development strategy. Therefore, there is good
reason to evaluate the contributions genomics and other
modern health biotechnologies can make to achieving the
UN Millennium Goals.
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— CHAPTER TWO —

GENOMICS AND THE MILLENNIUM
DEVELOPMENT GOALS

n the previous chapter, we discussed the relevance of
I science and technology to health and development. In

this chapter, we examine specific examples of how
new biotechnologies can help to meet the Millennium
Development Goals (MDGs). Some of these examples are
described in a recent publication on biotechnology solu-
tions for the UN Millennium Development Goals.*

The MDGs are the eight development targets that all
189 Member States have committed to achieving by 2015
(Box 2.1). We will highlight the relevance of genomics
and related biotechnologies to the achievement of the
MDGs by examining the top 10 biotechnologies that are
likely to improve health in developing countries within
the next five to ten years (Box 2.2).” These 10 biotech-
nologies were identified in a technology foresight study
conducted by the University of Toronto in partnership
with scientists who have expertise in health and biotech-
nology and in-depth knowledge about public health
problems of developing countries. After describing the
methodology that was used to prioritize these biotech-
nologies, we will describe each technology in turn and
identify ways in which it is, or could be made, relevant to
specific MDGs. Table 2.1 shows a brief summary of this

information.

BOX 2.1 MILLENNIUM DEVELOPMENT GOALS

Eradicate extreme poverty and hunger

Achieve universal primary education

Promote gender equality and empower women
Reduce child mortality

Improve maternal health

Combat HIV/ZAIDS, malaria and other diseases
Ensure environmental sustainability

Develop a global partnership for development

©NOGOMONPRE

CHAPTER TWO - GENOMICS AND THE

BOX 2.2 TOP 10 BIOTECHNOLOGIES

Molecular diagnostics

Recombinant vaccines

Vaccine and drug delivery

Bioremediation

Sequencing pathogen genomes

Female-controlled protection against sexually

transmitted infections

Bioinformatics

Nutritionally enriched genetically modified crops
9. Recombinant therapeutic proteins

10. Combinatorial chemistry

o0 rwbdPE

© N

Methodology of the Biotechnology

Prioritization Study

The members of the Scientific Panel for the “Top 10
Biotechnologies” study were identified through literature
searches and with the recommendations of individuals at
the World Health Organization and Rockefeller
Foundation. We invited 39 scientists from both developing
and developed countries to take part in the study with 28
scientists completing the project.

We used a structured process known as the Delphi
method to bring the Panel to a consensus regarding the
identification and ranking of the biotechnologies.” The
study spanned three “rounds,” which were completed over
a period of five months through emails, faxes, phone calls
and personal interviews.

In Round 1, we invited the 39 scientists, with 30
accepting the invitation, to participate in the project and
asked them the open-ended question, “What do you think
are the major biotechnologies that can help improve health
in developing countries within the next 5 to 10 years?” We
analyzed and organized their answers according to com-
mon themes (e.g. diagnostics, drug development, delivery
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TABLE 2.1 HARNESSING THE MDGS WITH BIOTECHNOLOGY

MILLENNIUM DEVELOPMENT GOAL

STATISTICS / FACTS

BIOTECHNOLOGY TO ADDRESS MDG

Goal 3: Promote gender equality and
empower women

In 2001 55% of HIV+ in sub-Saharan
Africa were women

Average HIV infection rates in teenage girls
5 times higher than those in teenage boys*®

= Female control over STD transmission
protection
= Vaccine and drug delivery

Goal 4: Reduce child mortality

~ 11 million children die before reaching
their fifth birthday*’

= Molecular Diagnostics

= Vaccine and drug delivery

= Recombinant vaccines

= Female control over STD transmission
protection

= Nutritionally enriched genetically modi-
fied (GM) crops

= Combinatorial chemistry

Goal 5: Improve maternal health

Over 500,000 maternal deaths per year*®

= Molecular Diagnostics

= Vaccine and drug delivery

= Recombinant vaccines

= Female control over STD transmission
protection

= Nutritionally enriched GM crops

= Combinatorial chemistry

Goal 6: Combat HIV, malaria and
other diseases

HIV/AIDS, malaria and TB responsible for
~ 40% (5 million) of all deaths in develop-
ing world*®

In 2002, 3.1 million people died of AIDS,
2 million of TB, over 1 million of malaria *°

= Molecular Diagnostics

= Vaccine and drug delivery

= Recombinant vaccines

= Female control over STD transmission
protection

= Bioremediation

= Sequencing pathogen genomes

= Bioinformatics

= Nutritionally enriched GM crops

= Combinatorial chemistry

Goal 7: Ensure environmental
sustainability

5 million deaths per year can be attributed
to waterborne diseases*

< Bioremediation
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systems), and generated a list of 51 distinct biotechnologies
rather than our own preconceptions. As the list was being
developed, it was reviewed and modified by three scientists
(not members of the Panel) to ensure the technologies
were mutually exclusive and categorized appropriately.

In Round 2, we sent the list of 51 biotechnologies to the
Panel. We asked them to rank the ten most promising tech-
nologies and to provide reasons for their choices. Thirty sci-
entists completed Round 2. To analyze the data, we com-
bined their rankings (1st=10 points, 2nd=9pts, etc.) and
produced a total point score for each technology. We also
summarized the reasons provided by the panelists. The pan-
elists made their decisions based broadly on the following

siX criteria:

e Impact - How much difference will the technology
make in improving health?

e Appropriateness - Will it be affordable, robust and
adjustable to health care settings in developing countries,
and will it be socially, culturally and politically accept-
able?

e Burden -Will it address the most pressing health needs?

* Feasibility - Can it realistically be developed and
deployed in a time frame of 5-10 years?

* Knowledge gap - Does the technology advance health
by creating new knowledge?

* Indirect benefits - Does it address issues such as envi-
ronmental improvement and income generation that

have indirect, positive eftects on health?

In the final, consensus-building round, we sent a list of the
top 12 technologies, based upon the Round 2 rankings, to
the panelists along with a summary of the reasons they had
provided in Round 2, with the opportunity to revise their
ranking in light of this input. Twenty-eight panelists com-
pleted Round 3.The results of the final round represent the
top 10 biotechnologies (Box 2.2) for improving health in
developing countries in the next five to ten years. The top

CHAPTER TWO

three technologies showed a high degree of consensus: all
but one of the panelists included at least one of these

among their personal top choices.

Top 10 Technologies Mapped onto the UN

Millennium Development Goals

Each of the 10 technologies that emerged from the above
study is presented below, accompanied by a snapshot of the
Millennium Development Goals that it relates to. We have
included illustrative examples, and emphasized technologies
that are well-positioned to have a positive impact on the health

needs of developing countries over the next five to ten years.
1. MOLECULAR DIAGNOSTICS

e Combat HIV/AIDS, malaria and other diseases
* Reduce child mortality
® Improve maternal health

Molecular diagnostics draw upon recent advances in biolo-
gy to diagnose infectious disease by detecting the presence
or absence of pathogen-associated molecules, such as DNA
or protein, in a patient’s blood or tissues. They present a
powerful set of methods to address the health-related
Millennium Development Goals, Combat HIV/AIDS,
malaria and other diseases, Reduce child mortality, Improve
maternal health. Infectious and parasitic diseases are respon-
sible for nearly 40%, or 17 million of all deaths every year.
The three major killers are HIV/AIDS, malaria and tuber-
culosis, which together claim at least 5 million lives a year.”
Each year an estimated 11 million children still die before
reaching their fifth birthday.”

While improving public health infrastructure for disease
prevention is crucial to the achievement of this goal, it is also
true that once disease strikes, diagnosis and treatment meth-
ods are essential. Rapid and accurate diagnosis not only
increases chances of survival, but also avoids waste of
resources on inappropriate treatments and helps contain dis-
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ease. It is not surprising that the scientific panel in the
University of Toronto study ranked molecular diagnostics as
the most promising set of technologies for improving health
in developing countries over the next five to ten years.

Many of the diagnostic tools currently in use in devel-
oping countries are cumbersome, time-consuming and
expensive. In contrast, molecular diagnostics are simple to
use, give quick results and can be relatively cheap. In the
following discussion, we focus on a few such technologies:
polymerase chain reaction, monoclonal antibodies and
recombinant antigens.

The polymerase chain reaction (PCR) is a quick way of
making millions of copies of a specific sequence of DNA.
This technology is fast and accurate. It takes advantage of
the fact that organisms have unique genetic sequences.
Amplification and identification of a pathogen-specific
DNA sequence in the body fluids or cells of a person iden-
tifies infection in that individual. Besides being extremely
sensitive, PCR tests can provide results in a few hours as
opposed to days for culturing methods. They can also be
used to detect infectious organisms that are difficult or
impossible to grow in culture (e.g. tuberculosis, malaria) or
are dangerous to handle (e.g. HIV/AIDS).*

BOX 2.3 BRANCHED DNA TEST

Genes unique to a pathogen can be used to identify the pres-
ence of the pathogen and therefore to diagnose infection. In a
“pbranched DNA test”, a patient’s blood sample is treated with
DNA “probes” designed to bind to genes unique to the
pathogen. In order to detect the binding of the probe to the
pathogen’s genes, additional compounds that bind to the probe
are added, forming a branched structure that emits a detectable
signal such as light. A simple branched DNA test has been used
with success in the diagnosis of African sleeping sickness.*

In the industrialized world, the use of PCR tests in the
diagnosis of infectious diseases is increasing. Tests for HIV-
1, gonorrhea, pneumonia and herpes are already available.
Recent advances are beginning to bring this powerful tool
within reach of the developing world. For example, a group
involved in the testing of infants for HIV-1 successfully
processed and stored blood samples for up to several
months on commercially available filter paper.** A PCR test
for three complexes of New World Leishmania (Leishmania
braziliensis, Leishmania mexicana, and Leishmania donovani) —
which cause a spectrum of diseases — was developed in
Nicaragua and uses a technique known as multiplexing to
test for more than one disease at once, saving both time and
resources.” Going a step beyond current practices in PCR.
are new nanotechnology methods for detecting infection at
the molecular level, without the need for DNA amplifica-
tion. One nanotechnique uses gold particles complexed
with diagnostic DNA fragments that have the ability to
bind to specific pathogen-associated DNA sequences. A
sample of the patient’s blood is placed between two tiny
electrodes in the presence of the probe. When the probe
and its target DNA sequence match, the gold particles close
the circuit between the electrodes and produce a detectable
signal. Not only is this approach more sensitive than con-
ventional detection methods, it has the potential to be sub-
stantially more aftordable.*

While PCR tests are on their way to finding applications
in developing countries, antibody-based applications are
already highly suited to the developing world. Antibodies are
molecules produced by the immune system in response to
infection. They recognize and bind to proteins produced by
pathogens. These proteins are known as antigens. Antibodies
are specific, 1.e. every antibody recognizes and binds to a
specific type of antigen. This makes them an excellent tool
for the diagnosis of infectious disease. In the last few years,
the development of simple and rapid antibody-coated dip-
stick tests have increased the relevance of this technology
for the developing world. Dipsticks can be used anywhere,
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without the need for laboratory facilities, running water or
electricity. OptiIMAL® is one of several antibody-based
dipstick tests for malaria.” During a malaria outbreak in
Honduras, it rivaled the accuracy of microscopic analysis,
the “gold standard” of malaria diagnosis.* The Program for
Appropriate Technology in Health,” an international not-
for-profit organization committed to improving global
health, has developed an HIV dipstick test that is now being
produced by several private firms in developing countries.
Determine HIV-1/2 can diagnose both HIV-1 and HIV-2
based upon a reaction on a nitrocellulose strip between
recombinant antigens and patient antibodies. The test is
accurate and sensitive and has been successfully tested in the
field in Ghana.® PATH is also developing dipsticks for the
detection of malaria, TB and hepatitis C, among other dis-
eases. Quidel has developed a dipstick test for Streptococcus
pneumoniae, the most common cause of pneumonia.”
Monoclonal antibodies (mAb) are extremely specific
antibodies. They are superior to antibodies harvested from
human or animal serum because they are extraordinarily
pure, show very high binding specificity and can be grown
in large quantities. The drawback is that mammalian cell
culture is expensive, so although the sensitivity and speci-
ficity of monoclonal antibodies are high, cost issues have
prevented their widespread use in developing countries.

BOX 2.4 THE MONOCLONAL ANTIBODY
CULTURE TECHNIQUE

The technique of monoclonal antibody culture involves three broad
steps. The first step is to immunize a mouse with an antigen. When
the mouse begins to produce antibodies to the antigen, its spleen
is removed. Antibody-producing cells from the spleen are then
fused with tumor cells (which grow and divide in vitro and are
‘immortal’). Each hybrid cell produces identical antibody mole-
cules. By allowing the hybrid cells to multiply in culture, it is possi-
ble to produce a population of cells, each of which produces

identical antibody molecules. These antibodies are called “mono-
clonal antibodies” because they are produced by the identical off-
spring of a single antibody-producing cell. The new fused cell can
also be re-injected into another mouse. This mouse produces pure
monoclonal antibodies. The use of monoclonal antibodies for the
diagnosis of infectious disease dates back to the early 1980s.%

Plantibodies are monoclonal antibodies that are produced in
genetically engineered plants and then extracted for medical
use. They are a cheaper source of antibodies than those pro-
duced in mammalian cells. One estimate places the cost of a
gram of plantibodies at less than 5% that of mammalian cell
monoclonal antibodies.” Another advantage is that they do
not risk spreading animal diseases to humans. Plantibodies
have been patented by Epicyte, a U.S. biotechnology com-
pany which plans to begin clinical trials of its anti-Herpes
SimplexVirus 1 and 2 plantibody mixture, HX8.>* The com-
pany was recently awarded a grant from the US National
Institutes of Health for the development of plantibodies
against Human Papilloma Virus (HPV),” which causes cer-
vical cancer. Other companies have begun human trials of
plantibodies for Hepatitis B, sexually transmitted diseases,

and non-Hodgkin’s lymphoma.

BOX 2.5 A NEW TEST FOR TUBERCULOSIS

New developments in diagnostic testing for tuberculosis indi-
cate the diverse ways in which scientists are using the immune
system for detecting the presence of pathogens in the blood.

A major obstacle to controlling tuberculosis is the lack of a reli-
able diagnostic blood test. The treatment of TB relies upon the
identification of tuberculosis infection by targeted tuberculin skin
testing, the main drawback of which is low specificity. For
example, the BCG vaccination and environmental mycobacte-
rial exposure can both result in false-positive results.
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In response to this shortcoming, researchers at Oxford
University and the Wellcome Trust have developed a new test.
This test targets cells in the blood that are produced by the
immune system, called T-cells. The presence of specific T cells,
detected by the rapid exvivo enzyme-linked immunospot
(ELISPOT) assay for interferon-gamma, is a highly sensitive and
specific indicator of infection in patients who have tuberculo-
sis; its sensitivity is substantially higher than that for the skin test.
This test is set to supersede the tuberculin skin test and improve
the control and prevention of this resurgent disease. The test is
simple, quick, and not confounded by TB vaccination. Doctors
hope it will supersede the skin test in the next few years and
transform the way TB is diagnosed and controlled.*®

As mentioned earlier, pathogen cells are associated with dis-
tinguishing molecules known as antigens, and antibodies can
be used to detect the presence of antigens in a person’s
bloodstream. Similarly, antigens can also be used to detect
antibodies. Recombinant antigens are genetically-engineered
antigens mass-produced by fast-replicating organisms such as
bacteria or yeast. (The term recombinant refers to the DNA
produced when genetic information from more than one
organism is ‘recombined’ in a laboratory process to form a
hybrid molecule. A desired antigen is produced by incorpo-
ration of its DNA sequence into the DNA of a host bacter-
ial cell). Like monoclonal antibodies, recombinant antigens
also feature in simple handheld test devices capable of pro-
viding a diagnosis in a matter of minutes. These devices are
particularly well suited to developing areas where clean water
and electricity are not always accessible and people might
have to travel significant distances to reach a medical facility.

2. RECOMBINANT VACCINES
= Reduce child mortality

= Improve maternal health
e Combat HIV/ZAIDS, malaria and other diseases

CHAPTER TWO

Recombinant vaccines can play an important part in
achieving the fourth Millennium Development Goal,
Reduce child mortality as well as to the fifth and sixth
MDGs, Improve maternal health and Combat HIV/AIDS,
malaria and other diseases. The hepatitis B vaccine saves the
lives of millions of people, including children, every year,
and many HIV vaccine candidates currently under investi-
gation are recombinant vaccines.

Vaccines stimulate the body to produce a protective
immune response and thereby reduce the likelihood of
serious infection. They are arguably the most important
medical advance of the last hundred years. Vaccination has
resulted in the eradication of smallpox, the imminent erad-
ication of polio, and a dramatic reduction in the prevalence
of many other infectious diseases.” Advances in vaccine
research are expected to have an impact not only on com-
municable diseases, but also on non-communicable ones
such as cancer.

Until a few decades ago, all vaccines consisted of either
killed or inactivated (‘attenuated’) pathogens. Injection of
this into a person would stimulate the person’s immune sys-
tem to produce antibodies against the foreign organism,
thus conferring resistance to the pathogen in future infec-
tions. However, pathogen inactivation may sometimes be
insufficient, so that vaccination with a live pathogen, even
though it is weakened, carries a finite risk of causing a fatal
infection. Genetic engineering (also known as recombinant tech-
nology) makes it possible to have single proteins of the
pathogen produced in non-pathogenic microorganisms;
injection of a person with these organisms stimulates anti-
body production against the foreign protein and therefore
provides protection against the disease. The obvious advan-
tage of this approach is the enhanced safety of the vaccine,
since the single foreign protein cannot cause the disease.
Recombinant vaccines made with only part of the genome
of a pathogen are also known as subunit vaccines.

Recombinant vaccines may also prove to be cheaper

than traditional vaccines because of innovative production
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methods and, in some cases, because improved storage char-
acteristics may not require them to be refrigerated. Much
progress is being made in recombinant vaccine develop-
ment. A major roadblock is the long time it takes for clini-
cal trials and regulatory approval. To date, the number of
products on the market is quite limited. Researchers are
currently working to develop techniques to overcome
some of the other difficulties too, for example, correct pre-
sentation of recombinant antigens to the immune system
and the limited lifetime of the engineered protein in the
body. Several types of recombinant vaccines exist, of which

some are described below (Box 2.6).

BOX 2.6 TYPES OF RECOMBINANT VACCINES

Viral vector vaccines consist of a benign virus that has been
genetically modified to contain genetic material belonging to
the pathogen. After the vaccine has been injected, the virus
attaches to the individual’s cells and injects its genetic material
into the cell’s interior. The foreign genetic material gets incor-
porated into the cell’s genome. The cell follows the genetic
code and manufactures the antigens of interest, which trigger
the immune system into producing a protective immune
response.

Naked DNA vaccines, or plasmid DNA vaccines as they are
also known, are very similar to viral vector vaccines. The key
difference is that naked DNA vaccines use a different biologi-
cal carrier, known as a plasmid, to introduce the antigen genes
into the individual’s cells. Plasmids are small circular molecules
of DNA that are normally found in bacteria. They can easily
enter cells and recruit the cell to translate their genetic informa-
tion into protein. Advocates of this approach argue that devel-
oping naked DNA vaccines is potentially faster, cheaper and
easier than other types of vaccines and, because DNA is heat-
stable, these vaccines are able to bypass the cold chain, a
major cost barrier to efficient vaccine delivery.

Plant-derived vaccines are subunit vaccines synthesized by
plants. Plants typically used are those that are easily engi-
neered to express foreign proteins, such as the tomato or pota-
to. After introducing the pathogen genes into the plant’s DNA,
the plant is given a signal to make the protein in its tissues. The
antigens expressed by the plant are purified and can then be
used as vaccines. In essence, the plants act as vaccine-facto-
ries. There are several advantages to plant-derived vaccines.
They can be relatively inexpensive to produce, store, and trans-
port and they could be grown locally, making them attractive
for applications in developing countries.*® Researchers are mak-
ing significant progress in the development of plant-derived
vaccines. In comparison to the existing hepatitis B vaccine, a
potato-derived vaccine was found to produce greater immunity
in mice.> Plant-derived vaccines are also being developed for
several important causes of infant mortality, including infant
diarrhea and measles.®* "¢

The examples below illustrate current advances of recom-
binant vaccine technology for various diseases.

BOX 2.7 RECOMBINANT VACCINES IN DEVELOPMENT

Most HIV vaccines currently in clinical trials are recombinant
vaccines.®* Currently there are 28 ongoing trials collectively
involving 24 different vaccines. Of these, 8 are DNA-based,
8 use recombinant viral vectors, 5 are protein subunits and 3
are lipopeptides.® An HIV viral vector vaccine based upon the
gp120 antigen® has shown encouraging results in a Phase |l
clinical trial with healthy volunteers.®* Just over half of all vol-
unteers generated antibodies that neutralized HIV-1. When
received in combination with an injection of gp120, the pro-
portion rose to 94%. Phase Il trials began in late 2003. In
recent trials on Rhesus macaques, researchers assessed the
protection conferred by recombinant forms of HIV gp120, a
fusion protein constructed from HIV regulatory proteins Nef
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and Tat, and SIV Nef. Treatment with this recombinant multi-
antigen vaccine delayed the onset of AIDS in Rhesus monkeys
for at least 2.5 years following infection with a simian-human
hybrid virus (S-HIV).®

The much-awaited initial results of a three-year multi-ethnic
phase Il trial of AIDSVAX by researchers at VaxGen Inc. have
been disappointing.®® Produced in mammalian cell culture,
AIDSVAX is a recombinant form of gp120. It is non-infectious
and mimics proteins on the surface of two strains of HIV sub-
type B (prevalent in North America, Europe, Australia, Japan
and Puerto Rico). The FDA would have considered approving
the vaccine if it were 30% effective, but the reduction of infec-
tion among the entire sample of volunteers including all racial
groups was only 3.8 %. The study did not show a statistically
significant reduction of HIV infection within the study population
as a whole, which was the primary endpoint of trial.
Nonetheless, larger and statistically significant reductions were
observed in some ethnic groups, especially among African-
Americans, so further studies on this vaccine are warranted.

A naked DNA vaccine against HIV/ZAIDS is currently being
evaluated in The Gambia and England, with good results. The
first multi-clad HIV vaccine to enter clinical trials is also a naked
DNA vaccine.®” By preventing infection by the three most
important subtypes of the virus around the world, it is hoped
that this vaccine would be effective in both developing and
developed countries.

All said and done, however, the progress of HIV vaccine
development has been slow and disappointing.®® After 10
years of work in this area, scientists now believe that live,
attenuated vaccines may be more appropriate for the fast-
evolving and diverse HIV.

The story of recombinant vaccines against malaria is more

promising. A subunit vaccine known as RTS,S/AS02 was
recently shown to provide protection against natural malaria
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infection in adults in a clinical trial in the Gambia, with 71%
of the participants protected from infection for the first 9 weeks
of the study.® Clinical trials on children in both The Gambia
and Mozambique are now underway.” Another subunit vac-
cine protected four of five monkeys from a lethal injection of
malaria.”™ This particular vaccine is synthesized by mice and
excreted in their milk. The developers have expressed interest
in creating transgenic goats for large-scale production.

Tuberculosis claims at least 2 million lives every year.
Researchers are actively working towards a potent TB vac-
cine.” Progress to date includes a subunit vaccine based upon
the Mtb8.4 surface antigen that protected mice from virulent
TB infection.™

Hepatitis B affects approximately one third of the world’s popu-
lation and is associated with liver cancer. Tomatoes and lettuce
have been genetically engineered to produce hepatitis B sur-
face antigens, and these appear to induce an immune reaction
similar to hepatitis B proteins isolated from infected humans.™

Scientists are developing plantderived vaccines against the
major causes of infant diarrhea. For instance, researchers suc-
cessfully produced a strain of corn that expresses an antigen
associated with enterotoxic E. coli.” Mice that were fed the
corn exhibited elevated levels of antibodies in their blood, and
showed resistance to infection. Also, the gene for the highly
antigenic, but nontoxic, beta chain of the cholera toxin has
been expressed in alfalfa, and mice fed with this alfalfa
showed an immune response against cholera toxin. However,
it will probably take many years of careful experimentation
before such vaccines are approved for human use.

3. VACCINE & DRUG DELIVERY

= Reduce child mortality
e Combat HIV/ZAIDS, malaria and other diseases
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Closely related to advances in vaccines are improved meth-
ods of vaccine and drug delivery. Consequently, these new
technologies will also serve to meet the fourth, fifth and
sixth Millennium Development Goals as mentioned in the
previous section, Reduce child mortality, Improve maternal
health and Combat HIV/AIDS, malaria and other diseases.
Thousands of children die each year from vaccine-pre-
ventable diseases because the logistics of vaccine delivery
are prohibitively expensive. R efrigerated transport and stor-
age (“the cold chain”) is a major expense in all vaccine pro-
grams. Another factor that raises costs is trained medical
personnel who can deliver vaccinations. Unsanitary drug
and vaccine injections are associated with the spread of
blood-borne diseases among the population, particularly
HIV and hepatitis. It is estimated that reuse of needles caus-
es 80,000 to 160,000 new cases of HIV/ AIDS, 8 to 16 mil-
lion new cases of hepatitis B and 2 to 4 million new cases

76

of hepatitis C each year.”” Long and complicated drug reg-
imens are difficult for people to comply with, especially if
they involve visits to medical facilities. When patients fail to
complete their treatments, they not only fail to recover, but
partial treatment can lead to the emergence of drug resis-
tant strains of disease.”

Injection-free and controlled-release delivery systems
could help to solve many of these problems. The scientific
community is exploring a number of alternatives to needle-
based delivery of drugs or vaccines. The skin, for instance,
is an attractive route into the body because of its easy
access. Needle-free injections propel the vaccine or drug
through the skin and into the body with a high-speed jet
of gas. Solutions, rubbing gels and skin patches rely on sim-
ple diffusion to introduce agents into the body. Another
avenue into the body is the mucus membrane that lines all
of the inner cavities of the body, including the intestines
and the lungs. Mucus membranes are abundant and are
closely associated with the bloodstream (which is important
for drug absorption). Vaccination in the lung membranes
generates immunity in the rest of the body’s mucus mem-

branes in addition to the systemic immunity generally con-
ferred by vaccines. Consequently, the introduction of drugs
and vaccines across the respiratory tract through nasal sprays
and inhalers is an attractive option.

As mentioned earlier, the refrigeration required for stor-
ing and transporting conventional vaccines and drugs is
costly. The discovery that some microorganisms can be
rejuvenated after complete dehydration has led to the excit-
ing development of powdered vaccines and drugs that are
heat-stable. These organisms contain a non-reactive sugar
(trehalose) that stabilizes them while they are desiccated.
‘With this and other stable sugars, researchers have been able
to dehydrate liquid vaccines and drugs and store them at
room temperature for up to several months without affect-
ing their potency. Associated injection devices for dried
vaccines have been developed. Some involve the reconsti-
tution of the dried substance into a liquid just prior to
injection, while others introduce the substance into the
body through the skin as a powder using needles or a high-
speed jet of gas.

Improved drug delivery can also help to reduce the
length and complexity of drug treatment regimens.
Controlled-release drugs and vaccines can be introduced
into the body in association with a biodegradable polymer
that gradually releases its contents as it is broken down by
the body. One disease for which this would be very useful
is tuberculosis, which has risen to epidemic levels.
Sustained-release antibiotic treatments, which automatical-
ly release their contents overtime, would lower the num-
ber of doses a patient must receive, thereby increasing
compliance and limiting the emergence of drug resistant
strains of TB. Preliminary studies of controlled release
antibiotics have been promising.” Recently a group has
reported the development of temperature-stable, con-
trolled-release formulations using oligosaccharide ester
derivatives of trehalose and a synthetic peptide analogue of
hepatitis B surface antigen.” The ability of these novel

delivery systems to induce strong immune responses in
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mice without the requirement for multiple doses or cold-
chain storage is encouraging.

BOX 2.8 INJECTION-FREE DELIVERY SYSTEMS

Advances in needle-free vaccine delivery include inhalable for-
mulations, skin patches and powdered vaccines.

Inhalable - An inhalable form of insulin is in the late stages
of development, and promises to reduce the risks, discomfort
and inconvenience associated with daily insulin injections.®
Between 1988 and 1990, close to 4 million children in
Mexico were immunized against measles using an inhalable
vaccine.®* Those involved in the campaign noted that the
approach was cheaper, faster and more widely accepted than
the traditional method of giving injections.

Skin Patch - A skin patch system that uses a benign virus to
carry vaccinating genes across the skin is under development
and has performed well in animal studies against influenza,
tetanus and rabies.®

Powdered - Powdered vaccines against yellow fever and
tuberculosis are already available, although the expense of the
associated injection devices will have to be carefully assessed.®®

4. BIOREMEDIATION

e Combat HIVZAIDS, malaria and other diseases
= Ensure environmental sustainability

Technologies for environmental improvement (sanitation,
clean water, bioremediation) were ranked fourth in the list
of technologies to improve health in developing countries.
Bioremediation has direct significance to the seventh
MDG, Ensure environmental sustainability but it also has
impact on the health-related goals.

CHAPTER TWO

Bioremediation is the use of bacteria or plants to clean
up the environment. Reduction of pollution in water sup-
plies and in the food chain will help to reduce mortality
and improve health. There are two main types of pollution
threatening the health and well-being of human popula-
tions: organic waste and heavy metals such as lead, mercury
and cadmium. Bacteria can detoxify both. Plants can break
down most forms of organic waste, but, with very few
exceptions, are usually unable to metabolize heavy metals.
On the other hand they can store harmful metals in their
tissues and therefore make it easier to collect, harvest and
even recycle metal waste.

Water contaminated by human waste harbors large
amounts of pathogenic organisms and has been implicated
in the transmission of cholera, typhoid, hepatitis A and
other waterborne diseases. Sewage treatment can dramati-
cally reduce the incidence of these diseases. Bioremediation
techniques can augment conventional chemical sewage
treatment. A number of low-cost alternatives to conven-
tional sewage treatment have been developed. One such
system is now in use in Southern China. It uses floating
rafts called Restorers to supply beneficial microorganisms
to a canal contaminated with human waste.* In fact, this
floating ecological treatment engine has now been trans-
formed into a garden featuring over 10 species of native
Chinese wetland plants.

Bioremediation can also be used to reduce environmental
pollution associated with heavy industries, including oil spills,
acid mine drainage, and radioactive waste. In 1989 the tanker
ExxonValdez released 11 million gallons of oil off the coast of
Alaska, affecting approximately 2000 km of shoreline.”
Through the addition of extra nutrients to the beach, crews
were able to enhance local bacterial and algal populations
and take advantage of their ability to degrade petroleum.*

Acid mine drainage is associated with the leakage of con-
taminated water from mining sites. The drainage is toxic for
both humans and the

surrounding  environment.

Constructed wetlands are a common low-cost, sustainable
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solution to this problem.” The area is artificially saturated
with water, plant species are introduced, and these eventual-
ly lower the acidity and the metal concentrations at the site.
The bacterium Deinococcus radiodurans has the ability to
thrive in environments with 300 times the fatal dose of radi-
ation for humans. Researchers have genetically engineered
D. radiodurans to express several genes associated with mer-
cury detoxification. The recombinant bacterium has been
shown to metabolize mercury while being bombarded by
high levels of radiation, suggesting that bioremediation may
be able to aid in the process of radioactive waste cleanup.*”
Bioremediation can also help to clean up mosquito-infest-
ed water and control the spread of malaria. For example, the
malaria-carrying Anopheles mosquito has developed resis-
tance to chemical insecticides. Many anti-malarial prophy-
lactics that were once effective are now less reliable, not to
mention expensive for many people in developing countries.
Peru has one of the highest rates of malaria in all of Latin
America. Canada’s International Development Research
Centre (IDRC) has supported research at the Instituto de
Medicina Tropical “Alexander Von Humboldt” in Lima to
explore the use of coconuts in the fight against malaria.
Researchers at the Institute have developed an ingenious
method to biologically control mosquitoes that is simple,
inexpensive, and an environmentally safe alternative to insec-
ticides. It involves the use of coconuts used to culture bacte-
ria that are toxic to mosquito larvae but harmless to people
and other organisms. Bacillus thuringiensis var. israelensis H-14
(Bti) is a spore-forming bacterium that produces a toxin
lethal to mosquito larvae. Imported Bti cultures are expen-
sive, but as this project shows Bfi can be cultured locally and
cheaply using coconuts, which are both cheap and plentiful
in many tropical areas. Bti is introduced via cotton swabs into
the coconut and allowed to incubate inside the coconut for
a few days. The nut is then broken and tossed into ponds
where mosquitoes breed. The mosquito larvae eat the bacte-
ria and are killed. A typical pond needs only two or three
coconuts for each treatment — usually lasting 2 months.”

BOX 2.9 BIOREMEDIATION TO THE RESCUE:
ARSENIC POISONING IN BANGLADESH

Bangladesh is currently facing “the largest mass poisoning of
a population in history” due to naturally-occurring groundwa-
ter arsenic contamination.®® At least 100,000 cases of debil-
itating skin lesions are believed to have already occurred
because of the seepage of arsenic into the water supply, and
at least 50 million people are at risk. Recently discovered in
a gold mine in Australia, a bacterium named NT-26 may be
able to help.”* NT-26 has the natural ability to transform
arsenite, a soluble form of arsenic, into the much less toxic
form arsenate. The Australian Research Council is supporting
research to investigate the potential of NT-26 to reduce the
toxicity of arsenic dissolved in water. Knowledge of the
genomic sequence of NT-26 and other arsenic metabolizing
bacterial species could help to enhance bioremediation tools
to decontaminate the wells. Genome Canada has recently
announced that it will sequence the genomes of two arsenic-
metabolizing bacteria, including NT-26. This move is part of
a greater Canadian initiative to harness Canadian R&D for
global health.

Researchers at the University of Florida have discovered that the
brake fern Pteris vittata, has a remarkable ability to accumulate
arsenic in extremely high concentrations without any apparent
harm to itself.*> The unusually sun-loving fern could be cultivat-
ed in arsenic-contaminated water and act as a natural arsenic
filter. The fern collects the arsenic in its fronds, which are easy
to harvest, although scientists admit that more work is needed
on how to dispose of the plants. Further research is also look-
ing into identifying and then splicing the fern’s arsenic-metabo-
lizing genes into other plants.
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5. SEQUENCING PATHOGEN GENOMES
e Combat HIVZAIDS, malaria and other diseases

The sequencing of pathogen genomes has direct relevance
to the fourth Millennium Development Goal, Combat
HIV/AIDS, malaria and other diseases.

The task force for this MDG has prepared documents on
HIV/AIDS, malaria and TB that take an in-depth look at
the science, public health needs and medical interventions,
and the social and economic issues and consequences of
these devastating diseases. Pathogen genomics can also con-
tribute to the search for a solution of these diseases.

Sequencing a genome involves discovering and record-
ing the entire sequence of nucleotides in an organism’s
DNA. DNA codes for proteins, which are the mainstay of
structure and biochemical function in all organisms.
Knowing the sequence of a pathogen’s genome is therefore
helpful in unraveling its biology and discovering eftective
ways of controlling its relationship with humans.

Most sequencing strategies are based upon a technique
known as the dideoxy or Sanger method.” Small-scale
sequencing projects can be done manually, but large-scale
projects (such as the sequencing of an entire genome)
require high-throughput automated DNA sequencing
machines. Major sequencing projects use many automat-
ed sequencing machines simultaneously, yielding millions
of bases of sequence data per day. These data must be
stored, managed and analyzed by computers and this
requirement has given rise to an entirely new field in biol-
ogy - bioinformatics.

Knowing the sequence of a pathogen’s genome can
rapidly accelerate the process of drug discovery.
Comparative genomics is a method that compares the
genomes of different organisms in order to apply informa-
tion known about one organism to another. For example,
in a comparison of disease-causing and benign strains of the
same organism, genes unique to the pathogenic strain are
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likely to play an important role in pathogenesis, and the
proteins for which they code may make excellent drug tar-
gets.” Alternatively, if one pathogen has a gene that is a
known drug target, a comparative genomics search might
reveal a similar gene, and therefore a potential drug target,

in another pathogen.

BOX 2.10 THE RESURRECTION OF FOSMIDOMYCIN

Genomics and bioinformatics, in the hands of innovative
researchers, resurrected the little-used drug fosmidomycin off the
shelf and brought it into clinical trials as a novel anti-malarial
drug in less than two years.®® The team successfully searched
the Plasmodium falciparum genome for the gene of an enzyme
targeted by fosmidomycin, an antibiotic developed and manu-
factured by a Japanese pharmaceutical company. In vitro stud-
ies have indicated that fosmidomycin inhibits the growth of
multi-resistant strains of P. falciparum. When administered to
adults in Gabon with malaria, fosmidomycin was found to be
a safe and effective method of treatment.®® The sequencing of
the genome of Anopheles gambiae, °" one of the mosquitoes
that transmits the malaria parasite, could also open up new
opportunities for controlling malaria, such as (1) identifying
new targets for insecticide development; (2) strengthening our
understanding of the developmental biology of mosquitoes;
and (3) possibly controlling pathogen transmission.*®

A serious health concern worldwide is the emergence of
pathogen resistance to previously effective drugs. Analysis of
pathogen genomes could reveal the genes that play a role in
helping these organisms develop drug resistance and point
researchers in the direction of treatments that can overcome
the action of these genes. For example, scientists can com-
pare the genomes of resistant and nonresistant strains, or
analyze the genes at work in the drug resistant stage of an
organism’s lifecycle.”
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In addition to spurring novel drug discovery, pathogen
genomics has also given a boost to the development of vac-
cines. Researchers can search the genome of infectious
organisms for gene sequences characteristic of antigens. For
example, scientists have discovered vaccine candidates for a
particularly virulent strain of meningitis, a potentially fatal
bacterial infection. Of the 570 antigens found, 85 showed

promise when used to immunize mice.'”

6. FEMALE-CONTROLLED PROTECTION
AGAINST SEXUALLY TRANSMITTED
INFECTIONS (STIS)

= Promote gender equality and empower women
= Improve maternal health
= Reduce child mortality

Genomics and other biotechnologies are enabling the
development of a number of new forms of female-con-
trolled protection against STIs, such as recombinant vac-
cines, monoclonal antibodies and new approaches to the
development of vaginal microbicides. These technologies
can help to meet the sixth MDG Combat HIV/AIDS,
malaria and other diseases and even the third MDG,
Promote gender equality and empower women with an indi-
rect effect on other health MDGs: e.g. Reducing child mor-
tality by Improving maternal health.

The global burden of STTs is felt most heavily by women.
A decade ago, the World Bank ranked STIs as the second
major cause of ill health among women aged 15 to 44,
accounting for 8.9% of their disease burden, compared to
1.5% in men."" For various reasons — socio-economic, cul-
tural and biological — women are more vulnerable to infec-

tion than men.'”

Women with STIs often bear heavy social
stigma, and they often have neither the time nor the money
to seek health care. Rising infection in women also increas-
es the incidence of transmission from mother to newborn.
Despite the seriousness of this problem, women possess

few means of protection. The condom requires male con-

sent, which many women living in patriarchal societies find
hard to negotiate in their relationships. Although the female
condom has been greeted with enthusiasm by women in
poor countries, its cost and indiscreetness make it a less than
ideal option.Vaginal microbicides are one attractive alterna-
tive. They are gel or cream formulations of chemical com-
pounds that block the transmission of infection across the
vaginal wall. Researchers are actively involved in develop-

ing safe and effective vaginal microbicides.

BOX 2.11 NONOXYNOL-9

The spermicide nonoxynol-9 (N-9) appeared to be very promis-
ing, but rigorous clinical trials have demonstrated that N-9 may
in fact increase a woman'’s susceptibility to infection through its
effect on the vaginal wall.** Researchers are currently looking
for more effective spermicides.

Initial approval for nonoxynol-9 (N-9) was as a contraceptive,
but early laboratory tests suggested that it might be an effec-
tive microbicide. However, it is now clear that N-9 does not
protect against HIV infection and may in fact increase the risk
of infection in women who use it frequently. N-9 is a cytotox-
ic compound. In addition to killing microbial cells, it also
harms the cells that line the vagina and cervix. Studies have
shown that at high doses, N-9 can destroy the vaginal wall
lining, and a WHO/CONRAD study has concluded that,
when used alone, N-9 is only moderately effective in prevent-
ing pregnancy.

Nonetheless, N-9 spermicides do have some useful character-
istics — they are readily available, and are female-controlled.
Therefore, while the N-9 clinical trials have proved disappoint-
ing, they do show that similar but less toxic spermicides may
be an effective weapon against the spread of STls.

SOURCE: World Health Organization.
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Externally applied antibodies have shown significant
promise in blocking STI transmission. In studies involving
humans or animals, monoclonal antibodies have been
shown to provide protection against HIV, Herpes Simplex
Virus 1 and 2, Hepatitis A and B and chlamydia."*

A number of other types of vaginal microbicides are in
development. One product, Carraguard, is made from the
natural seaweed compound carageenan. Carageenan is
already widely used as a food thickener and cream emulsi-
fier. Phase I studies have shown that Carraguard is well-tol-
erated. Phase I and II trials have been completed, and phase
III trials are due to start in 2004.'"

The National Institute of Allergy and Infectious Diseases
(NIAID) of the United States has focused on two microbi-
cides: BufferGel, which acts by maintaining the normal
acidity of the vagina, and PRO2000, which inhibits viral
entry into cells. Phase I trials of both products have shown
them to be relatively safe and well-tolerated.'” Phase I1/1I1
data on BufferGel’s contraceptive activity are expected in
2004; data on the anti-HIV activity of BufterGel™ are
expected in 2006.

Recently, the Bill & Melinda Gates Foundation granted
$60 million to the
Microbicides (IPM) to accelerate the discovery, develop-

International Partnership for
ment, and accessibility of topical microbicides to prevent
HIV transmission. This grant is the largest ever made to
support microbicide research. IPM also received a grant of
$15 million from the Rockefeller Foundation. This pro-
gram is expected to deliver a safe and eftective product by
the end of this decade.

A novel polymer has been shown to block the binding
of HIV and herpes simplex to cells by targeting the sur-
face antigens gp120 and gB-2 respectively. It is highly
selective and exhibits low cytotoxicity'”, the latter a con-
siderable advantage over existing vaginal microbicides.

Lactobacillus, a bacterium that normally inhabits the vagi-
na, is another potential alternative to synthetic microbi-
cides. It could protect women against STIs in two ways.
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First, the bacterium naturally produces hydrogen peroxide,
which kills infectious organisms. Second, the bacteria could
be genetically engineered to synthesize a compound called
CV-N."" CV-N has been shown to bind to and inhibit all
known strains of HIV. It was only recently discovered by
researchers at the National Cancer Institute of the United
States in the blue-green algae Nostoc ellipsosporum.'” Since
Lactobacillus normally inhabits the vagina, and CV-N has
been found to not irritate the vagina, researchers are hope-
ful that this genetically modified organism may function as
a safe and affordable vaginal microbicide. Research suggests
that even in an unmodified form, the bacterium
Lactobacillus jensenii, which lives in the mucosal linings of
the vagina, provides some protection against infection with
HIV because women with low amounts of the micro-
organism are believed to be at relatively higher risk of con-
tracting sexually transmitted infections. R ecently, investiga-
tors at Stanford University have modified Lactobacillus
Jjensenii to secrete CD4 proteins to inhibit HIV."" In the
process of infection, HIV attaches itself to the CD4 mole-
cule on immune cells. Genetically modified lactobacillus
was shown in laboratory tests to reduce by half the number
of immune cells infected by HIV. This is a promising find-
ing that may lead to the development of a discreet vaginal
suppository that women could use for protection against
infection with HIV.

Perhaps the ideal method of female-controlled protec-
tion against STTs is vaccination.Vaccines afford extended,
often life-long protection. Vaccines also have no impact
on the sexual encounter and do not entail a contracep-
tive effect, unlike, for example, the condom. Hepatitis B,
the only STI for which a vaccine exists, is a subunit vac-
cine that is synthesized by the common yeast
Saccharomyces cerevisiae. Subunit vaccines are currently
being developed against numerous STIs, including
human papilloma virus (HPV), chlamydia, gonorrhea and

hepatitis C.""" '
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7. BIOINFORMATICS
e Combat HIVZAIDS, malaria and other diseases

As mentioned earlier, bioinformatics is a new tool that
goes hand-in-hand with genomics, and therefore has
important applications to Combat HIV/AIDS, malaria
and other diseases.

Bioinformatics is the application of computer hardware
and software to store, retrieve and analyze large quantities
of biological data. The so-called “high throughput” tech-
nologies (DNA sequencers, DNA and RNA microarrays,
combinatorial chemistry, 2D gel electrophoresis and mass
spectrometry) have resulted in an explosion in the amount
of biological data available. Bioinformatics organizes this sea
of biological data into meaningful databases and conducts
sophisticated computer analyses (“data-mining”) to gener-
ate answers to research questions. Its importance to the field
of biotechnology is reflected in its seventh ranking among
the most promising biotechnologies for improving health
in developing countries within the next five to ten years.
Bioinformatics is an indispensable partner for genomics,
and together these two technologies are poised to revolu-
tionize the way we approach drug and vaccine discovery.

Biological databases are central to bioinformatics, and
several have been established as public resources available to
all via the Internet (Box 2.12).

BOX 2.12 BIOINFORMATICS DATABASES

Large sequencing projects require the resources of large orga-
nizations. Fortunately, much of these resources, as well as the
data they generate, are shared. GenBank is a massive online
database of all publicly available gene sequencing that can be
accessed free of charge over the Internet.*** GenBank is main-
tained by the National Center for Biotechnology Information
(NCBI) of the National Institutes of Health (NIH) of the United

States. As of October 2003, there were over 33 billion base
pairs of sequence data in GenBank. GenBank exchanges data
with the DNA DataBank of Japan (DDBJ) and the European
Molecular Biology Laboratory (EMBL) on a daily basis.

SWISS-PROT is a protein sequence database developed by
groups at the Swiss Institute of Bioinformatics (SIB) and the
European Bioinformatics Institute (EBI).***

The Molecular Modeling Database (MMDB), also maintained
by the NCBI, contains 3D biomolecular structures, including
information on biological function and the evolutionary history
of large molecules.**

AnoDB is a database containing genomic and biological data
on anopheline mosquitoes, in particular Anopheles gambiae,
one of the most important vectors of malaria.**

Bioinformatics applies computer algorithms to transform
large-scale biological data into useful information. For
example, an algorithm could be applied to quickly identify
specific families of genes in the recently-sequenced
genome of Anopheles gambiae. Without bioinformatics, this
task would be extremely laborious and error-prone, and it
would take scientists several years to realize the potential of
this genome sequence. Many bioinformatics algorithms are
shared worldwide and available free over the Internet along
with basic tutorials. They can generally be found on the
websites of public bioinformatics databases. Their accessi-
bility to scientists helps to promote R&D.To help meet the
worldwide demand for skilled bioinformaticians, a consor-
tium of six universities is offering a free accredited web-
based course in bioinformatics.'”’

One of the key applications of bioinformatics to diseases
is the accelerated discovery of drug targets. A drug target is
a biological molecule, most commonly a protein, with
which a drug interacts to alter its function. Most drug tar-
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gets fall into one of only a few categories, such as cell sur-
face receptors, enzymes or ion channels. (A drug may
work, for example, by interacting with, and inhibiting, a
pathogen-derived enzyme that causes disease in humans).
Searching the genome of a pathogen or vector for
sequences that are characteristic of genes that encode these
types of biological molecules can lead to the identification
of drug targets. Comparative genomics, in which the
genomes of several organisms are analyzed in relation to
one another, can also be used to identify drug targets.'* By
comparing the genome of a pathogen with that of one of
its close yet harmless relatives, researchers can identify
genes that are unique to the pathogen. These genes may
play a role in the development of disease, and a drug that
affects the proteins that correspond to these genes may be
able to disrupt the pathogen’s ability to cause disease.
Comparative genomics can also serve to identify genes that
share similar sequences between different strains of a virus.
Such stable (relatively non-mutating) genes may make
effective, long-lasting, and multi-strain drug targets because
they are likely to be necessary for the organism’s survival,
have not demonstrated a tendency to mutate, and are
shared across strains.'” Bioinformatics has made all these
approaches much easier and less time-consuming.

Besides identification of drug targets, bioinformatics
can also play an important role in drug design. The ratio-
nal design of a drug that interacts with the target appro-
priately and effectively calls for information on the three
dimensional structure of the target molecule. Researchers
can learn about the 3-D structure of a novel target by
conducting amino acid sequence similarity searches
among proteins of known structure. By comparing the
amino acid sequence of a protein of known structure to
that of the potential drug target, researchers can make pre-
dictions about the structure of the target and embark
upon the design of the drug in an intelligent fashion.
Structure-based design is one of the most successful ways
of creating drugs."™
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Similarly, bioinformatics can be used for the discovery of
vaccine candidates. A vaccine candidate is a molecule that
shows promise as a vaccine.Vaccines typically contain anti-
gens that stimulate the immune system to generate a pro-
tective response against infection. Most antigens are pro-
teins found on the surface of the pathogen, and the genes
that encode these proteins have characteristic sequences. By
searching the genome of a pathogen for these sequences,
researchers have been able to identify several new vaccine
candidates. In their analysis of Chlamydia pneumoniae, a
cause of respiratory infections, researchers identified 147
cell surface proteins.” Of these, 58 produced an immune
response when injected into mice. In this case, bioinfor-
matics techniques have clearly helped researchers under-
stand and tackle an organism that has been a challenge to
study using conventional laboratory techniques.

Bioinformatics can also supply useful information on
drug toxicity and side-effects. Searching the human
genome for a gene sequence similar to that of a drug target
can give researchers a clue as to whether or not this drug
will also interact with proteins other than the target and

therefore have undesirable side effects.'*

8. NUTRITIONALLY ENRICHED GENETICALLY
MODIFIED CROPS

= Reduce child mortality
= Improve maternal health
e Combat HIVZAIDS, malaria and other diseases

Nutritionally enriched GM crops are germane to the three
health-related Millennium Development Goals, Reduce
child mortality, Improve maternal health and Combat
HIV/AIDS, malaria and other diseases. Over half of all
infant deaths in developing nations are associated with a lack
of essential vitamins and nutrients. Malnutrition also causes

impaired cognitive and physical development, and is associ-
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ated with multiple illnesses attributed to specific nutrient
deficiencies. These include blindness due to Vitamin A defi-
ciency, which affects an estimated 500,000 children in devel-
oping countries.'” Anemia is caused by iron deficiency and
is one of the leading causes of maternal mortality.” Pregnant
women with anemia are more likely to give birth to low
birth weight infants and are at increased risks of death dur-
ing childbirth. Malnutrition, which affects approximately
one in five people living in developing countries, amplifies
the effects of infectious diseases. Lack of essential vitamins
and minerals impairs the immune system, thereby increasing
the likelihood that infection will develop into disease and
impairing the ability of the body to recover.

Genetically modified crops are those whose composition
has been altered by genetic recombination. This involves the
insertion of a gene — either with a gene gun or a carrier organ-
ism such as a benign virus — into a plant very early on during
development such that all of the plant’s cells acquire the gene.
Various traits can be introduced into crops through genetic
modification. One application of genetic modification in crops
is to enhance the nutritional value of crops. This type of mod-
ification might involve, for example, the insertion of genes that
encode for enzymes that synthesize vitamins. The Top 10
study ranked nutritionally enriched GM crops eighth
among the most promising biotechnologies for improving
health in developing countries in the next five to ten years.

The potential advantages of nutritionally-enhanced crops
for developing countries are difficult to deny. More than
three million children under five suffer eye damage because
of Vitamin A deficiency. About 500,000 go blind every year,
of whom two-thirds die. Many are children of small farmers
or farm workers too poor to afford a highly diversified diet.
Some experts maintain that the one effective way of com-
bating their Vitamin A deficiency is to increase the Vitamin
A content of their staple food. Accordingly, Ingo Potrykus
and fellow researchers at the Swiss Federal Institute of
Technology and the University of Freiburg in Germany
developed rice enriched in -carotene, known as “Golden

Rice”. With grants from Rockefeller Foundation and Swiss
funding sources, they worked on this project for eight years,
inserting seven genes in all, and establishing for the first time
the feasibility of genetic modification involving multiple
genes. Golden Rice stands apart as a model example of the
use of gene technology to enhance the nutritional value of
a staple food crop.””* Golden Rice contains elevated levels of

pro-Vitamin A (B-carotene) and iron.'”

BOX 2.13 GOLDEN RICE: IMAGINATIVE USE OF
INTELLECTUAL PROPERTY RIGHTS

It was the original intention of the inventors of Golden Rice to
offer their invention free of charge to poor farmers. All 32 com-
panies holding the 72 patents that were used in the making of
Golden Rice agreed to relax their patent rights. Commercial
rights were assigned to Syngenta, the largest agribusiness in
the world, and Syngenta agreed to allow subsistence farmers
to use the rice without charge as long as they earn no more
than $10,000 from the sale of the rice. A humanitarian
board composed of the two inventors and representatives of the
Rockefeller Foundation, WHO and the biotechnology industry
is overseeing the transfer of this technology to the developing
world. In February 2001, the first delivery of Golden Rice was
made to the International Rice Research Institute (IRRI) in Los
Bafios, Philippines.*®” Other deliveries are planned to non-com-
mercial research institutions in China, India, Africa and Latin
America. These research institutions will cross Golden Rice with
locally adapted strains and conduct tests to ensure that the rice
has nutritional value and is safe for consumption and the envi-
ronment. They will also conduct need assessments, analyze
alternative ways to address these needs, and establish a frame-
work for the best use of Golden Rice. If Golden Rice is demon-
strated to be a safe and substantial source of vitamin A and
iron, it will enable affordable, sustainable, widespread nutrient
supplementation in areas of the world that need it most.

30 GENOMICS FOR THE UN MILLENNIUM DEVELOPMENT GOALS



Golden Rice contains elevated levels of pro-vitamin A and iron. (Courtesy of Peter Beyer, University of Freiburg, Germany)



More recently, researchers in India have developed a potato
rich in all essential amino acids."”” This potato contains the
gene AmA1 that codes for the protein albumin, which con-
tains high levels of all amino acids that the body is incapable
of making on its own (i.e. essential amino-acids). It gives
ordinary potatoes a third more protein than normal, includ-
ing substantial amounts of the essential amino acids lysine
and methionine. Deficiency in these can have an adverse
effect on development in children. This enriched potato is
also particularly relevant for India, where a large percentage
of the population is vegetarian.”” The AmA1 gene was
obtained from the amaranth plant which grows in South
America. The potato is in the final stages of testing, and it
has been submitted for official approval. Scientists say that
the protein-rich genetically modified “protato” could help
combat malnutrition among the country’s poorest children.

Researchers have also inserted into lettuce the gene for
the enzyme GLOase, which converts a precursor molecule
into Vitamin C."" They observed up to a seven-fold increase
for Vitamin C in the plant’s tissues. Vitamin C is a powerful
antioxidant and is associated with reduced risks of cancer,
cardiovascular disease and other diseases."'

Genetic modification and traditional breeding both
change the characteristics of an organism, but in different
ways. In traditional breeding, the introduction of a gene into
an organism by cross breeding different strains of the same
species is a trial-and-error process that takes a long time.
Genetic modification makes it possible to introduce new
genes more rapidly and more precisely than traditional
breeding and enables the introduction of new genes from
different species. In many cases, traditional breeding alone is
able to improve the nutritional value of a crop. In fact farm-
ers have used traditional breeding over thousands of years to
convert the wild, almost inedible forms of rice and wheat
into the familiar foods we eat today. However, genetic mod-
ification has the advantage of speed and relative control. This
approach has its advantages and disadvantages. An obvious
disadvantage is that that the introduced foreign genes may

cause unknown gene-gene or gene-environment interac-
tions. Ecological concerns include risks to human and animal
health, food safety, and unforeseen consequences of the
spreading of foreign genes into the natural environment.
Gene-flow, the natural spread of genetic traits when a plant
variety is introduced into the environment, is in itself not
alarming, but the potential introduction of cross-species
genes and the spread of these genes that confer novel traits
upon related weeds or crops could be. However, it is impor-
tant to note that all plant breeding, whether traditional or
through genetic engineering, can produce unexpected
results. Some scientists recommend that extensive testing and
careful monitoring are necessary for the world to reap the
benefits of this technology while avoiding any potential
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risks.” Others argue that all plant varieties, whether GM or

not, should be subject to the same stringent standards.™®
Although GM enriched crops are considered by many to be
extremely important for health in developing countries,
there are some concerns regarding their use. There is, for
example, evidence that Golden Rice may not be a very good
source of Vitamin A. Specifically, people with diarrheal dis-
eases, which are common in the developing world, are
unable to efficiently absorb Vitamin A from the rice. Critics
also maintain that GM enriched crops are not the answer to
the problems of hunger and malnutrition, which are the out-
comes of distributional problems. Several organizations are
actively researching these issues. The Food and Agriculture
Organization of the United Nations and the World Health
Organization jointly recommend the thorough evaluation of
GM foods for safety and nutritional value before consump-

tion or releasing the foods into the environment.
9. RECOMBINANT THERAPEUTIC PROTEINS
e Combat HIVZAIDS, malaria and other diseases

Therapeutic proteins, such as insulin, are used to treat many
non-communicable diseases, and the technology to make
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recombinant therapeutic proteins was ranked ninth among
the most promising biotechnologies for improving health
in developing countries within the next five to ten years.
This technology is therefore significant for the sixth
Millennium Development Goal, Combat HIV/AIDS,
malaria and other diseases. As poorer nations move through
the process of development and associated demographic
change, they face a double burden of disease: infectious dis-
eases as well as non-communicable diseases more com-
monly associated with the developed world. In fact, non-
communicable diseases (including injuries) now account
for 60% of all deaths in developing countries, and current
trends suggest this number will reach over 70% by 2020."%*
Affordable and sustainable sources of therapeutic proteins
for treating these diseases are therefore critical.

Since all organisms possess the molecular machinery
necessary to manufacture proteins, in principle they possess
the ability to make any protein. All they would require are
the genetic instructions to do so. Using recombinant tech-
nology, researchers can insert a gene or genes for a thera-
peutic protein into an organism. As the organism grows, it
reads and translates the foreign gene as it does its own
genes, and produces the therapeutic protein, which can be
harvested for medical use.

Bacteria, particularly Escherichia coli, were the first organ-
isms to be drafted for the production of large quantities of
therapeutic proteins. E. coli is a natural resident of the
human gut. Under the right conditions, the bacteria grow
and divide rapidly, producing a new generation every 20
minutes. As they grow, they accumulate the recombinant
protein in their interior fluids. Protein purification process-
es harvest the protein from the bacterial culture.

Bacteria have one main disadvantage as protein facto-
ries: they are extremely simple organisms. Unlike the cells
of more complex organisms, bacterial cells lack the abili-
ty to make specific chemical modifications to the proteins
after the proteins have been translated from the DNA
code. Most human therapeutic proteins require these
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types of modifications. As more complex organisms, yeasts
can carry out many forms of protein modification, and,
like bacteria, they reproduce quickly, easily and with sim-
ple nutritional requirements. Because of its safety and
familiarity, S. cerevisiae is the most popular yeast for mak-
ing recombinant proteins.

Mammalian cells are a more attractive source of recom-
binant therapeutic proteins. They possess the ability to
perform almost all the post-translational modifications
that a protein might need in order to function properly.
Unfortunately, mammalian cell cultures are more chal-
lenging to maintain and have a lower protein yield than
bacteria or yeast. One way around these limitations is the
use of transgenic animals to synthesize recombinant pro-
teins. A transgenic animal is a genetically modified animal.
These animals are engineered to secrete the protein in an
easily-harvested body fluid, such as milk, urine or semen.
To limit the secretion of the protein to a particular tissue,
researchers link the gene of interest to another genetic
element that promotes the expression of the gene only in
the target tissue. It is estimated that the use of transgenic
animals to synthesize recombinant therapeutic proteins
would be four to five times cheaper than using mam-
malian cell cultures.™”

Plants, particularly corn, have also been explored for their
ability to function as recombinant protein factories. Plants
offer many advantages over the use of animals to produce
recombinant proteins. Like yeast, plants have the ability to
perform many of the steps required to refine complex pro-
teins. They can also be grown in large quantities at low cost.
Using plants also minimizes certain ethical concerns related to
animal experimentation and use, as well as risks associated
with animal viruses and bacterial toxins. However, transgenic
plant expression systems have a relatively low protein yield.
Another disadvantage limiting the therapeutic value of the
plant-derived product is the difference between plant and
mammalian post-translational modifications. For instance,

many human proteins are glycosylated — i.e. after the proteins
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are produced they have special sugars attached to them to
help them conduct their functions normally. Researchers are
working to overcome this barrier by creating transgenic plants
that can carry out protein glycosylation. These transgenic
plants contain human genes that make enzymes that catalyze
the attachment of sugar molecules to proteins. In one case, a
group in the Netherlands genetically modified a tobacco
plant and then crossed the modified tobacco plant with a
plant engineered to manufacture a mouse antibody." The
resulting plantibody had a glycosylation pattern that more
closely resembled a mammalian antibody than any plantibody
produced to date. There clearly is a need for further fine-tun-
ing of this process but the science is well on its way.

Some of the more significant recombinant therapeutic
proteins that would be useful for developing country dis-
eases include erythropoietin for the treatment of anemia,
follicle stimulating hormone for the treatment of infertility,
alpha interferon for the treatment of viral infections and
leukemia, and insulin for the treatment of type I diabetes.
Previously, all insulin was harvested from the pancreas of
pigs and cattle. Pig and cattle insulin vary slightly from
human insulin, so some diabetics develop an allergic reac-
tion to this medication. Recombinant technology has made
non-allergenic human insulin available in abundance using
a sustainable method (see Box 2.14). The patent on recom-
binant human insulin expired in January 2003, opening the
door for entrepreneurs in developing countries to manu-
facture the product locally and supply the public with the

recombinant protein at a more accessible price."”’

This move has also made India the first Asian country to devel-
op this complex technology. Until now, 90 per cent of insulin
in India has come from pigs or cows. The Indian government
has been making efforts since the early 1970s to manufacture
insulin. Unfortunately, these efforts have not successful. The
Indian market for insulin is valued at around $52 million. India
has the world’s largest population of diabetics, with an esti-
mated 30 million people suffering from the disease.
According to the World Health Organization, this number will
rise to 57 million by 2025. Globally, the WHO has estimat-
ed that by 2025, the number of people with diabetes world-
wide will more than double from 140 million to 300 million.
The two main advantages of recombinant insulin over animal-
derived insulin are its chemical, biological and physical simi-
larity to human insulin, and the low risk of transmitting animal
pathogenic infections.

Wosulin, Wockhardt’s recombinant human insulin brand, was
approved by the regulatory authorities after it proved its effica-
cy and safety in clinical studies involving 350 diabetic patients.

Three companies, one in United States and two in Europe,
today control the global market for human recombinant insulin
valued at over $3 billion. Wockhardt's success allows it to
potentially compete in this market.

SOURCE: http://www.rediff.com/money/2003/aug/04wockhardt.htm

BOX 2.14 HUMAN RECOMBINANT INSULIN

In August of 2003, Wockhardt Limited launched India’s first
recombinant human insulin product, making Wockhardt just the
fourth company in the world — and the first outside the US and
Europe — to develop, manufacture and market this life-saving
drug for the management of diabetes.

BOX 2.15 A MAJOR BREAKTHROUGH FOR MALARIA:
RECOMBINANT PATHWAY TO ARTEMISININ

The antimalarial drug artemisinin was originally extracted from
the plant Artemisia annua (sweet wormwood) in 1972 at the
Chinese Institute of Material Medicine. It is the active ingredi-
ent in “ginghao”, a herbal infusion tea that has been used for
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years to treat malaria and hemorrhoids and finds mention in a
Chinese medical text dated 340 AD.

Although the drug has been found to be effective against malaria
strains that are resistant to existing treatments, a major drawback
is that it is produced only in small quantities in nature. Commercial
production of artemisinin currently relies on its extraction and purifi-
cation from plant material, the yields of which are low. This has
made it too expensive for widespread use in developing countries
— until recently. In a major breakthrough, a research group at
University of California, Berkeley has genetically engineered E.
coli to produce yeast and plant enzymes that perform quick and
efficient synthesis of artemisinin.**®* The chemical precursor to
artemisinin belongs to an extremely important family of plant
chemicals known as isoprenoids that are precursors to several
important drugs, commercial flavorings and fragrances. For
instance, the cancer drug taxol is derived from an isoprenoid.
Isoprenoids are currently expensive for the chemical industry to
synthesize from scratch and nearly as expensive to extract from
plant material. The technique described by these investigators
for transplanting yeast and plant genes to construct an entirely
new metabolic pathway inside bacteria could find broad appli-
cation in the production of several types of isoprenoids.

10. COMBINATORIAL CHEMISTRY
e Combat HIVZAIDS, malaria and other diseases

Combinatorial chemistry has bearing on the health-related
Millennium Development Goals, particularly Combat
HIV/AIDS, malaria and other diseases. There are many
diseases prevalent in the developing world for which effec-
tive and affordable treatments are lacking. Some pathogens,
such as those that cause malaria and tuberculosis, are
acquiring resistance to the only treatments available. Child
mortality is caused in large part by pneumonia, diarrhea and
malaria, three diseases that are acquiring drug resistance.”
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Combinatorial chemistry can be used to provide new or
more effective medications for these diseases. It may also
promote enterprise by helping industries in developing
countries become competitive and economically viable in
the global market. The increase in efficiency also potential-
ly decreases costs, wastes less material and creates fewer by-
products — all of which serve to protect the environment.
Combinatorial methods are easily automated techniques
for making many different kinds of chemical compounds.
The resulting collection of compounds, known as a library,
is biologically screened to select the compounds with the
most therapeutic promise. Developed first in the early
1980s, combinatorial chemistry has become a mainstay of
drug discovery and development in industrialized nations.
In many cases, it replaces the much more costly and time-
consuming one-compound-at-a-time method. The scien-
tific panel ranked combinatorial chemistry as the tenth
most promising biotechnology for improving health in
developing countries within the next five to ten years.
Two features make combinatorial chemistry exception-
ally efficient for drug discovery and development: first, it is
amenable to automation with robots doing most of the
preparation and screening of compounds. Second, it also
makes it possible to prepare many unique compounds from
fewer experiments. For example, suppose a chemist wanted
to improve upon a drug by varying its basic structure. If this
drug had three chemical parts, with each part potentially
varied in three different ways, this would represent
3x3x3=27 unique chemical compounds in just six steps.
For instance, two new classes of drugs against leishma-
niasis were discovered using a combinatorial process that
150,000 different

Leishmaniasis is a potentially fatal disease that is estimated

produced  over 1

compounds.
to affect 12 million people around the globe. Researchers
also used combinatorial chemistry to focus in on a more
potent version of vancomycin, an antibody of last resort
against which many diseases are acquiring resistance.'* The
most successful compounds in the library outperformed
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the most powerful antibiotics on the market. A third exam-
ple involves a drug for the treatment of heart disease,
which is on the rise in developing countries. Researchers
produced approximately 250 versions of a promising drug,
one of which was RWJ-53308, which completed Phase 11
clinical trials in 2000."'

The International Centre for Science and High
Technology at the United Nations Industrial Development
Organization is engaged in capacity-building and transfer
of technology to developing countries, since competitive
industrial capability relies on scientific expertise."” Within
the field of Pure and Applied Chemistry, ICS is promoting
capacity-building in combinatorial chemistry methods and
technologies. ICS emphasizes the importance of combina-
torial chemistry for the rapid and efficient development of
new chemicals — pharmaceuticals, agro-chemicals, and new
materials. The tools used by ICS to achieve transfer of
know-how include organization of training events, distrib-
ution of information packages, networking and offering of
fellowships for researchers to learn hands-on techniques,

and other methods.

BOX 2.16 DRUGS FOR NEGLECTED DISEASES INITIATIVE

Médecins Sans Frontiéres (MSF) has committed $25 million
over 5 years for a new initiative to develop drugs for diseases
of the developing world that have largely been neglected by
research institutions in the developed world. Examples are
sleeping sickness, leishmaniasis, and Chagas disease. MSF
plans to run the Drugs for Neglected Diseases Initiative (DNDi)
like a virtual pharmaceutical company, relying on combinato-
rial chemistry to create portfolios for neglected diseases. It will
use the experience and resources, both financial and human,
of institutions and facilities worldwide, by creating a global
network of researchers. For example, DNDi will draw upon
the research capacity of the Indian Council of Medical
Research (ICMR), the Kenya Medical Research Institute

(KEMRYI), the Oswaldo Cruz Foundation (Fiocruz) of Brazil,
and other established research institutions from the South.
DNDi will also rely on the public health systems in these coun-
tries for access to patients and to organize high-quality clinical
trials. Researchers at the Clinical Research Centre at KEMRI
are creating an African network for DNIDi, with representatives
from Ethiopia, Eritrea, Ghana, South Africa, and Sudan
among other countries.

With combinatorial chemistry approaches, DNDi plans to
have six or seven drugs registered and a balanced portfolio
of eight in the pipeline by 2015. Some critics observe that the
budget of $255 million over the first 12 years is unrealistic,
compared with the usual pharmaceutical company estimates
of $500 million per drug. DNDi partners feel that in-kind con-
tributions from collaborators and governments will help to
make up the difference. They also expect the resulting drugs
to be manufactured at relatively low cost by companies in
developing countries.

SOURCE: www.dndi.org

Summary

This exercise in technology-foresight shows how the top
10 genomics-related biotechnologies can contribute to
improving health in developing countries within the next
ten years and can make diverse and significant contribu-
tions to the effort to achieve the UN Millennium
Development Goals. Through the provision of simpler and
robust diagnostics, new vaccines, safer methods of vaccine
and drug delivery, empowerment of women, methods of
environmental remediation and other techniques, the ben-
efits of modern technology can reach the developing
world. The examples described here indicate how genomics
can promote development and reduce poverty, both by
improving health and by forming the basis of new indus-

tries in developing countries.
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— CHAPTER THREE —

GENOMICS AND
GLOBAL GOVERNANCE

n the previous chapters of this report we established
I that genomics and biotechnology represent impor-

tant tools for addressing the Millennium
Development Goals. Efforts to create a receptive environ-
ment for technological innovations and their application
in developing countries can be enriched and enhanced
through a global strategy to promote genomics for devel-
opment. Devising this global strategy is a key challenge
before us now. In this chapter, we discuss the global nature
of genomics and propose the establishment of a Global
Genomics Initiative as an example of a global network

that can meet this challenge.

Worldwide Scientific Capacity
for Development

In his editorial in Science in February 2004," and fol-
lowing his receipt of the InterAcademy Council report on
“Inventing a Better Future: A Strategy for Building
Worldwide Capacities in Science and Technology”, UN
Secretary General Kofi Annan noted that “if every nation
gains full access to [the] broader world community of sci-
ence and has the opportunity to develop an independent
science capability, its public can engage in a candid dia-
logue about the benefits and risks of new technologies,
such as genetically engineered organisms or nanotechnol-
ogy, so that informed decisions can be made about their
introduction into our lives”. One way to accomplish this
is through a system of global governance'" to help achieve
a balance between the risks and benefits of new tech-
nologies, and ensure that developing countries can take
advantage of the benefits of new technologies for devel-
opment. Using the example of genomics, we argue for
action to create a new global governance mechanism that
can help achieve this balance — controlling the potential
misuse of genomics, while at the same time not losing
sight of the all-important promotion of genomics for
global health equity.

CHAPTER THREE

Balance between Benefits and Risks

of Genomics

Traditional models of biotechnology governance tend to be
overly risk-focused and advocate restrictions on use, and are
not helpful for promoting the benefits of the science for
development. An alternative perspective through the lens of
global health and development reveals the tremendous
potential of this new science to improve global health equi-
ty. Consider, for instance, that life expectancy in several sub-
Saharan African countries is expected to be less than 30
years in 2010; in the US it is approaching 80 years.
Genomics and related biotechnologies have the potential to
reduce such stark health disparities, as the WHO points out
in its 2002 report on Genomics and World Health. The
University of Toronto’s study identified the 10 biotech-
nologies most likely to improve the health of people in the
developing world in the next 5-10 years. In chapter 2 these
biotechnologies were mapped onto the UN Millennium
Development Goals to illustrate their potential contribu-
tion toward development solutions. The challenge now is to
realize the potential of these technologies, and similar ones
identified by developing countries themselves. We propose
creating a new global network for governance to achieve a
balance between risk management and promotion of

genomics for global health.

Inadequate Governance Contributes to
Failure of Diffusion of Scientific Innovation

It is likely that, in the absence of a concerted effort,
genomics-based tools will not get diffused and widely imple-
mented in developing countries. One reason for this is lack
of financial resources, but there are others: a non-receptive
policy environment, lack of human resources, few incentives
for entrepreneurial activities, insufficient investment in R&D
and poor public education and acceptance. All of these can
reduce the ability of developing countries to absorb and
apply new technologies. Add to this the failure of the devel-
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oped world to see the value of ensuring the distribution of
benefits of new technologies that can address developing
countries’ needs and you have a recipe for inequity. Arguably
the fundamental reason why new technologies are not
implemented 1s inattention to governance and failure to

understand the interplay between these complex issues.

Global Governance to Promote
Global Public Goods

Governance for genomics is a challenge not just because of
the complexity of ethical, social and legal issues involved, but
also because of the rapid evolution of the science.
Globalization increases this complexity. So do the significant
global public goods characteristics of genomics knowl-

4514 Goods can be defined along a spectrum from pure

edge.
‘private’ to pure ‘public’ goods. The benefits of public goods
such as the ozone layer are enjoyed by all. They are non-
excludable and non-rivalrous in consumption. Global public
goods exhibit a significant degree of “publicness” across
national boundaries.’” The ozone layer is an example -
available to all across national boundaries, and not depleted
through individual “use”. Externalities caused by other
activities can have an impact on both quality and quantity of
public goods (e.g. chlorofluorocarbons, or CFCs, that
deplete ozone). Public goods require some form of gover-
nance to maintain them, typically one that transcends

nation-states.

BOX 3.1 PUBLIC AND PRIVATE ASPECTS
OF THE SARS GENOME

The recent worldwide SARS (severe acute respiratory syn-
drome) outbreak aptly illustrates both the GPG nature of
genomics and its private aspects. In April 2003, Canadian sci-
entists at the Michael Smith Genome Sciences Centre of the
British Columbia Cancer Agency sequenced the genome of the
SARS virus (which belongs to the family of coronaviruses) for the

first time. The sequence of the 30,000 base-pairs genome was
shared immediately with scientists all over the world via the
Internet. These scientists were able to download and analyze
the data directly, and apply it towards their epidemiological
investigations in situ, highlighting the importance of sharing the
information globally towards local solutions. (This unprecedent-
ed achievement points to another critical factor: the conver-
gence of genomics and information technology in the interest
of global public health). Going a step further into the realm of
private goods, the California-based biotechnology company
Affymetrix Inc. was able to use the public genome to create a
marketable product — a SARS gene chip for diagnostics. This
example points to the continuum of characteristics that
genomics possesses, with public input at one end of the spec-
trum and private goods emerging at the other. In this stepwise
process, the public genome provides the basis for the private
sector to create a specialized, value-added product.

SOURCE: www.bcgsc.ca/bioinfo/SARS/

The SARS virus belongs to the family of coronaviruses, which are named
for their striking corona (crown) of spikes
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Genomics is fundamentally about knowledge, which,

according to Stiglitz,"*

is the archetypal public good.
Genomics knowledge (sequences and databases) is in the
public domain. In fact, in a symbolic sense the human
genome has been declared a common global heritage of
humanity."” But the translation of genomics into a mar-
ketable product (such as, for instance, a diagnostic tool for
malaria) has characteristics of a private good (see Box 3.1).
We need a governance mechanism that fosters a balance
between the global public goods characteristics of
genomics knowledge and the private goods nature of its
application. The market is already a major driving force for
human health, and most goods and services, and therefore
most research and development in health, are geared to the
needs of the developed world. If this continues, there is a
real danger that the majority of the world’s 6 billion people
- who do not present profitable market opportunities - will
not see the benefits of genomics. We need new mechanisms
to address such market failures, perhaps some form of stew-
ardship to maintain the GPG characteristics of genomics.

The GPG characteristics of genomics knowledge
inevitably raise issues about access to this emerging
resource. This gives us new opportunities to solve global
health problems, but it also tests our skills in the evolution
and management of international relations, foreign policy,
financing, regulation and intellectual property rights. A
governance mechanism that can successfully harness these
GPG characteristics could be highly effective in promoting
genomics for global health.

Other global public goods that have had challenging gov-
ernance issues and might have relevance to the governance
of genomics are biodiversity and the ozone layer (Table 3.1).
Depletion of the ozone layer was the major impetus for the
Montreal Protocol. The Convention for Biodiversity (CBD)
prioritized taking action to deal with biodiversity loss and
the potential global public benefits of maintaining biodiver-
sity at various levels. Genomics has similar needs - the
option value (enormous potential benefits to global health),
as well as the potential misuse of genomics knowledge. A
quick look at these GPGs (in Table 3.1) shows certain sim-

TABLE 3.1 GPGS AND THEIR GOVERNANCE

GPG DRIVING FORCE FOR GOVERNANCE PRIORITY GOVERNANCE STRUCTURES
Ozone Layer Thinning of the layer — Reduction of Global convention
effect on human health Chorofluorocarbons (Montreal Protocol)
(CFCs)
Biodiversity Loss of diversity Species and PPPs
Potential use ecosystem Global convention (CBD)
conservation National targets
Genomics Potential use Improving PPPs
Risk of misuse Global Health Global Genomics Initiative?
(ethical considerations)
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ilarities and trends. A global governance mechanism for
genomics could borrow elements from both the relatively
successful Montreal agreement (where most countries
acknowledged the dangers of thinning of the ozone layer,
and agreed on measures to reverse the trend) and the rela-
tively complex CBD (where there were differences in

national-level priorities and incentives were not so clear).

Need for Global Governance for Genomics

Despite the efforts made by individual states in recent
decades, in today’s increasingly globalized world, it is clear
that the governance structure with which we are most famil-
iar - the nation state - is ill- equipped to effectively tackle
global issues. New state and non-state actors, new vulnera-
bilities, new conflicts and new technologies have emerged in
recent years, increasing our interdependence and limiting the
ability of national policies to address global issues. This is not
to say that individual countries cannot and are not taking
action to promote genomics. Many developing countries are
introducing policy changes to support R&D and enterprise
- for instance, new policies in China have increased domes-
tic R&D opportunities and are reducing ‘brain-drain’. At the
same time, some developed countries and institutions have
recognized the place of science in foreign policy, and are
designing ways to increase science and technology coopera-
tion with developing countries to help spread the benefits of
new technologies worldwide. But a handful of scattered
efforts won't achieve the objective — worldwide promotion
of genomics for development. A fast-growing science like
genomics, with its potential for good and for harm, not to
mention the complex ethical, legal and social issues that
come with it, needs concerted action at the global level.

Existing Governance Mechanisms may
be Insufficient

Are there existing governance mechanisms that could han-
dle the complexity of genomics and achieve the goal of
promoting genomics for development?

Treaties and conventions, like the CBD or the WHO
Tobacco Framework Convention can work well as gover-
nance mechanisms for some matters, but are slow to nego-
tiate and suffer from poor adherence. They are poorly suit-
ed to the urgent issue of benefit-sharing in science and
technology, particularly for rapidly-evolving sciences such
as genomics.

Although recently there have been useful initiatives like
the G8 Digital Opportunity Task Force, in general these
narrow groupings of countries (G-8, G-20, etc.) are also
inappropriate governance mechanisms, especially if the
purpose is to reduce global inequities. They are exclusive by
nature and often suffer from knowledge gaps, being restrict-
ed to certain countries and generally not open to partici-
pation from civil society or industry.

World commissions can promote good decision-making
by providing a forum for broad input and the integration of’
diverse points of view and expertise. They can catalyze
meaningful political change supported by a public consen-
sus, e.g. the Brundtland World Commission on
Environment and Development. But most global commis-
sions are not designed to provide continuity, nor are they
agile enough to respond to rapid change.

These existing governance mechanisms seem to be
unwieldy, sometimes inflexible, and largely inadequate to
address the complexities of implementing genomics in

developing countries.

Global Networks can be Inclusive,

Flexible and Nimble

The objective is to share information globally and across
sectors facilitating informed decision-making that will help
close the imminent genomic divide. A global network can
do this. Such a loose collaboration among multiple sectors
(government, industry, academia, and special interest
groups) can provide a common forum for these players to
discuss their goals and needs, and creates an environment

where consensus can be built to address policy needs.”
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Global networks have the advantage of speed - they can be
launched quickly, and are responsive to rapidly-evolving
issues.”! They are inclusive and non-restrictive in member-
ship (unlike more conventional mechanisms that can take
on a “club-like” character). Because of their diverse mem-
bership, they can put constructive pressure on governing
institutions. They encourage participation from developing
countries, and also allow for initiation and leadership from
the South. Developing countries with strong biotechnolo-
gy sectors can take the lead in driving the agenda for
health equity. In short, networks encourage speed, equi-
table participation and flexibility while minimizing
bureaucracy and hierarchy.

The Global Genomics Initiative as a Proposed
Global Network to Promote Genomics for

Health and Deve|opmen’r

‘We at the University of Toronto Joint Centre for Bioethics
propose the Global Genomics Initiative (GGI) as a global
network to promote genomics for health. The GGI will
foster international dialogue for access to and sharing of
genomics knowledge; prioritizing health needs in partici-
pating countries; and providing the network to help mem-
bers optimize funding and facilities. It can help countries
undertake and achieve specific tasks to implement
genomics for health in developing countries. It could coor-
dinate the assortment of existing alliances, partnerships,
agreements into a global governance network, and help
bridge the gap between bilateral partnerships, PPPs, and
alliances at one level and the higher-level governance struc-
tures and international organizations like the United
Nations and the World Health Organization.

What sets the GGI apart from a risk-focused vision of
biotechnology governance is our recognition of, and focus
on, the GPG nature of genomics knowledge and its enor-
mous potential for improving health. The use and applica-

tion of this knowledge towards health and development
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should be an incentive to people worldwide. A major role
of the GGI must be to safeguard genomics knowledge,
make it openly accessible and promote its application for

developing countries, while minimizing risk of misuse.

What will the GGI do?

The GGI is foreseen to be a global network of concerned
citizens, industry leaders, academics, representatives from
NGOs, and government officials, with particular emphasis
on developing world representation. We are now in the
process of bringing together some of the best creative
minds from these fields to begin the dialogue and to learn
from their experiences so that any decision-making will
come from the bottom up - shaped through consultations.
Existing public-private partnerships, alliances, networks and
coalitions in the arena of genomics and health (such as
NEPAD, BIOPAD, the Malaysia-MIT biotechnology part-
nership) could feed into this network. There is considerable
advantage for these partnerships in forging links within a
global network - access to knowledge, expansion of part-
nerships and creation of new scientific capacity through
shared resources are obvious benefits.

This group will move forward quickly to set the agenda
and define concrete goals for the GGI, both long-term and
short-term (Box 3.2):

BOX 3.2 GOALS AND OBJECTIVES OF THE GGl

Overall Mission of GGI: To promote and facilitate broad-
based, informed and ethical decision-making about the use of
genomic technologies to contribute to global health equity.
Among specific objectives of the GGI:

= Promote genomics as a GPG - In this crucial move, the GGl
must try to ensure rapid and reliable global access to the
world’s expanding resources in genomics knowledge

= Encourage equitable participation - The GGI represents a
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dedicated effort to hear all voices in the debate on
genomics. Participation grounded in the right to involvement
is essential for consensus-building and to avoid knee-jerk
reactions to technology

= Strengthen capacity in biotechnology - participation in the
GGl should promote international and intersectoral
exchange of know-how and encourage partnerships
between countries (especially developing ones) to build their
genomics R&D capacity; and to undertake rigorous evalua:
tion/assessment of policies in R&D investment and human
resources

= Prioritize needs and foresight activities - The GGI will under-
take surveys or needs assessments, as well as anticipatory
evaluations of emerging genomics technologies and
respond collectively to new technology or policy initiatives
as they arise

= Design financing alternatives - GGI partners can explore
and evaluate alternative financing options to fund public
and private biotechnology applications for developing
countries

= Examine intellectual property rights and other ethical and
legal considerations - the GGI could explore different mod-
els of intellectual property protection to optimize social utili-
ty while maintaining necessary incentives for discovery

= Inspire appropriate regulation - The GGI could also help
draft and promote norms and principles for the global har-
monization of ethical standards applied to genomic tech-
nology research, with benefitsharing and risk minimization

Challenges for the GGl

Although institutional development will take several years
and significant resources, a process like the GGI is likely to
yield both short and mid-term benefits in support of glob-
al health. In the interest of the credibility, legitimacy, and
ultimate success of this exercise, it would be worth taking
time now to consult extensively. In Box 3.3 are some of the

critical areas that need to be explored.

BOX 3.3 CHALLENGES FOR THE GGl

= Can the GGl establish legitimacy on a global level? The key to
this is strong leadership and inclusive membership. Are there
champions for such a dialogue within government, industry and
civil society, willing to provide both leadership and funding?
Can the GGl initiate truly global and inclusive dialogue on
genomics?

= Can it minimize complexity and promote equal participation
and partnership within the global network, while ensuring
that individual countries are provided the opportunity to pri-
oritize their own health goals? This points to the difficulties
of coordinating a flexible network

= Can dialogue proceed with enough urgency to provide real
value to policymakers given the pace of technological devel-
opments in genomics? How can it reverse the current widen-
ing of the genomics divide? This is where involvement by
developing countries and prioritizing needs will be crucial.

= Can the GGl learn about transparency, inclusiveness and
accountability from other multi-stakeholder initiatives?

Envisioning the Future

The initial relative lack of participation by most of the
developing world in the Information and Communication
Technology (ICT) revolution contributed to what came to
be known as the digital divide. The genomics divide
between North and South is growing, and the nanotech-
nology divide is on the horizon. Technologies advance at a
faster pace than ever before, threatening to widen the gaps
between the developed and developing worlds. International
participation in global governance networks like the GGI
can help prevent a bleak future of even greater disparities
between industrialized and developing countries.
Appropriate action now by the world community - govern-
ments, citizens and experts from industry and academia -

can shape a more equitable global future.
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We have described the Global Genomics Initiative as a
genomics-specific model for the general application of sci-
ence and technology to help achieve the MDGs. As out-
lined in box 3.2, the GGI has several objectives, among
them improving global genomics policy, encouraging the
idea of investment in human capacity and R&D, promoting
entrepreneurial activities in the area of biotechnology and
genomics and playing an active role in forecasting activities.
Science and technology can contribute to economic devel-
opment in developing countries. Developing countries can
establish and strengthen scientific institutions through
improving the science policy environment. One way to
improve science policy is through exchange of information
with other countries, especially those with success stories to
share. A global science and technology network, based on
the model provided by the Global Genomics Initiative, may
help countries use multi-sectoral dialogue to develop for-

ward-thinking global science policy for development.

The Role of the United Nations in the Global
Genomics Initiative

The Global Genomics Initiative aligns well with Kofi
Annan’s announcement of the UN’ intention to convene
a global policy network on biotechnology.” This
announcement confirms the prominence of biotechnolo-
gy as a global force of change. It underscores both the
urgency for a global network for biotechnology as well as
shows evidence of the UN’s initiative and leadership in
biotechnology. Others have noted that by facilitating the
emergence of global policy networks, the UN can help
strengthen the capacity of state and non-state actors to
develop global public policy, while increasing its own
effectiveness and credibility.'” We now extend these argu-
ments to apply to the Global Genomics Initiative, and call
attention to the UN’s potential role in helping the GGI
achieve its goals — and thereby helping to achieve the
Millennium Development Goals. Just as the World Health
Organization can promote the production of health as a
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global public good,”* we envision the UN system as pro-
moting genomics as a global public good. The GGI can
assist by playing the role of facilitator among multi-sectoral
partners, including international agencies through provid-
ing a platform for reliable and freely accessible informa-

tion for genomics knowledge.

Summary

An interdependent world in which the greatest majority
has limited access to good health while the quality of life of
the minority continues to improve is a recipe for social
confrontation. The UN Millennium Development Goals
aim to decrease these development gaps, and achieving
them is well within human capacities. The Global
Genomics Initiative could be instrumental in developing
common understandings among governments and their cit-
izens, corporations, and non-governmental organizations,
setting a strategic direction and mobilizing commitment to
a healthier, more equitable world. The GGI can help to
realize the benefits of genomics and biotechnology for the
UN Millennium Development Goals.

GENOMICS AND GLOBAL GOVERNANCE 45






— CHAPTER FOUR —

BUILDING GENOMICS CAPACITY
IN DEVELOPING COUNTRIES

enomics holds clear benefits for developing coun-

tries, and chapter 2 of this report indicated the

ways in which genomics and related biotechnolo-
gies can serve the Millennium Development Goals. The
challenge 1s how to implement these technologies in devel-
oping countries within the next five or ten years. The abil-
ity of a country to solve development problems and sustain
economic growth depends to some extent on its institu-
tional structures and capabilities in science and technology.
In this final chapter of this report, we assert that developing
countries with the scientific capacity and institutional
arrangements that allow creation, utilization, adaptation or
diftusion of this new field of science and technology are
well-positioned to harness genomics for development. We
support our argument with examples of strategies that
some countries have followed to institute learning process-
es that can help them build their national systems of inno-
vation in biotechnology, and conclude with lessons learned

and recommendations.

Transfer of Technology and Science — Building
Science Capacity in Developing Countries

After the Second World War, technologies were transferred
from the United States to reconstruct war-torn Western

155a,b,c

Europe. Europe’s success led naturally to the mistaken

belief that the application of the same model to encourage
economic development in developing countries.”™ ™ It
was believed that technology transfer would kick-start the
engine of growth, the benefits would trickle down
throughout the economy and result in further develop-
ment of technological capacity. It was considered unneces-
sary, even extravagant, for poorer income countries to do
fundamental research since they were primarily seen as
technology users and dependent on imports from technol-
ogy producers."

Today the growing view is that mere technology trans-
fer does not always guarantee solutions to problems in
developing countries, especially if they are not of relevance
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to industrially advanced countries. For example, disease
profiles and health needs vary the world over, and the phar-
maceutical companies in the industrialized world typically
target health problems in higher-income countries. The
market-driven strategies of the pharmaceutical industry are
not sufficient to steer technological innovation to solve
development problems. Research on treatments for diseases
of the poor, which generally have higher incidence and
prevalence rates in lower-income countries, remains
neglected.” The imbalance in global R&D efforts strength-
ens the case for developing countries to invest in indige-
nous scientific capacity to help meet their own health and
development needs.

Contrary to expectations, technology transfer initiatives
in developing countries have met with limited success.
Indeed, research has shown that the benefits of technology
transfer are best harnessed by those countries that have built
the capacity to absorb, use and even adapt technology.'™'®
Countries need to build capacity in high quality basic
research in order to benefit economically from science and
technology." This includes trained human capital, as well as
investment in institutions, equipment, and networks.'®
Countries like Brazil, China and Cuba have invested in sci-
ence and technology for decades and have consequently
created a strong science base. These scientifically proficient
countries have to some extent been able to absorb and keep
up with the advances that the genomics revolution brings
by building upon their strong scientific foundations. Some
of these countries are even beginning to enjoy private sec-
tor successes in this new field.

It follows, therefore, that genomics and biotechnology
will probably make the most sustainable and effective con-
tributions to development in those developing countries
that possess capacity in these fields. Developing countries
can best benefit from these technologies if they are active
participants not just in the use of technology but indeed in
all stages of innovation including research, development,

and production. For example, several international public-
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private partnerships (PPPs) have recognized the fact that
biotechnologies developed to address health problems in
developing countries will be most sustainable if accompa-
nied, at the very least, by training of human resources — one

aspect of innovation (Box 4.1).

BOX 4.1 GAVI AND THE ROTAVIRUS VACCINE

Some international coalitions and public-private partner-
ships plan to develop technologies specifically for use in
developing countries, with the help of these countries as
partners. An example is the rotavirus vaccine project initiat-
ed by the Global Alliance for Vaccines and Immunization
(GAVI). GAVI has selected the Program for Appropriate
Technology in Health (PATH) to lead a three-year US$30
million project to develop a safe and effective rotavirus vac-
cine for developing countries. Rotavirus is the leading cause
of severe diarrhea and diarrhea-related deaths in the world.
Although access to clean water is vital to eliminate rotavirus
infections, a vaccine to induce immunity against infection is
also essential to control the disease, and could save up to
1.5 million lives. According to Tore Godal, Executive
Secretary of GAVI, “rotavirus vaccine development repre-
sents an important contribution to reaching the Millennium
Development Goals.”

Two aspects to this project are noteworthy. Firstly, GAVI’s goal
is to make the rotavirus vaccine available to children in devel-
oping and industrialized countries at the same time. This
simultaneous transfer of technology to both industrialized and
developing countries is unprecedented. In the past, vaccine
manufacturers would conduct trials and introduce new vac-
cines in countries with the largest profit potential. The product
would become available in developing countries, where the
greatest burden of disease occurs, only after 15-20 years. By
working with vaccine manufacturers and developing country
governments, the PATH rotavirus project aims to make the vac-

cine available in 5 years. The second novel aspect is that
GAVI is planning to ensure that developing countries are pre-
pared to receive and utilize this new vaccine. They will set up
surveillance networks to monitor the disease before and after
the vaccine is introduced, and educate the medical commu-
nity, policy makers and users about the public health benefits
of the vaccine.

SOURCE: www.vaccinealliance.org

The building of scientific capacity cannot take place
overnight. It is a long, complicated and challenging
process for both low and high-income countries and
promoting science intensive fields like genomics in the
resource-poor environments of developing countries is
especially challenging. Moreover, capacity building goes
far beyond just building expertise in science. Equally
important is expertise in, for example, financial, regula-
tory and legal matters. Private sector involvement is
another critical factor. In countries like South Korea and
China, and more recently in India, market liberalization
has played an important role in recent years, helping
these countries develop their private sector and encour-
age companies to attract foreign investment and develop
resources.'” Governments may have to play a supportive
role for these companies through the establishment of
“Science Parks”, tax breaks or rebates for investing in
research and development and the establishment of insti-
tutional and regulatory support structures. Clearly, there
are many factors that contribute to scientific capacity:
national infrastructure (e.g., communication and trans-
portation systems, legal and regulatory structures); gov-
ernment policy on science and technology issues; the
pool of scientists, engineers, and other trained work-
force; academic institutions and other research facilities;
and private firms that can produce and market technol-
ogy products.
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Learning is Key to Building Capacity in
Science and Technology: National Innovation
Systems in Developing Countries

One way to think about building scientific capacity is as a
process of learning and innovation — a sustainable approach
to enable developing countries to capture the benefits of
genomics for the MDGs. Creating synergistic inter-linkages
between the learning processes that occur within all eco-
nomic activities including R&D, marketing, production,
and development is essential to spur innovation. This net-
work of interactions is the foundation of a national system
of innovation.

The national system of innovation (NSI) represents the
institutions that contribute to the creation, diffusion, and
use of new economically useful knowledge in a specific
country and the linkages and synergies between the insti-

tutions.'*<

These institutions include not only formal ones
like firms, universities, research centers and government,
but also institutions in a wider sense, such as social norms
and laws (for example intellectual property rights).'
Knowledge creation, diffusion and use are at the core of
innovation systems frameworks. This involves non-linear,
multidirectional flows between the various actors. There are
various ways in which the elements of the NSI can inter-
act for knowledge creation, diftusion and use. For example,
they can involve technical, commercial, legal, developmen-
tal, social, financial, or regulatory interactions.'*

Although the NSI concept has been studied for over a
decade, its application to developing countries is relatively
recent. Some researchers have concerns about the applica-
bility of the NSI framework in developing countries.'” One
aspect that Arocena and Sutz emphasize is that innovation
in developing countries is often within micro-realms
instead of being systemic. They warn against importing
“turn-key” institutions and policies from industrially
advanced countries to developing countries based on tacit
assumptions, which may not be true in these countries. In
their innovation in Thailand,

study on systems
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Intrakamnerd et al. stress the need to examine factors that
hinder technological learning.'® The perception is that
innovation systems in developing countries are weak and

fragmented. Lundvall and colleagues'”

also agree with this
notion that NSI studies in developing countries should be
adjusted to accomodate different learning environments.
They argue that in the context of developing countries it is
important to shift the emphasis of NSI studies to system
construction and promotion. They also point out that there
is a need to apply a broader concept of innovation when it
is used in the context of developing countries. For instance,
developing countries may more often (relative to higher
income countries) be able to leverage the richness of their
local and traditional knowledge. Therefore, the innovative
learning that takes place in many developing countries is
not always in the realm of science-intensive endeavors or in
high-tech activities. Other analysts have observed that,
when applied to developing countries, innovation can be
perceived as the process that companies use in their learn-
ing of design and production that is new to them."”
Imitations and incremental improvements in product
design and production processes may form a significant part
of local innovation in developing countries.

Developing countries that are now overcoming barriers
and are fostering learning processes in their institutions
and building scientific capacity are of particular relevance
to the question of how a country can build its NSI. The
Canadian Program on Genomics and Global Health is in
the process of conducting a study of the health biotech-
nology innovation systems of Brazil, China, Cuba, Egypt,
India, South Africa and South Korea, all of which have rel-
atively active biotechnology industries.'”" It has focused on
identifying the main actors in the health biotechnology
innovation systems under study, i.e. by examining the roles
of government, private firms, R&D system, the education
system etc in the health biotechnology innovation process.
The study has also explored the extent and patterns of
linkages between all the actors in the NSI systems. Where
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linkages extended beyond national boundaries, informa-
tion was collected on the role of international linkages in
the development of genomics/health biotechnologies in
these countries. The impact of domestic markets and
export markets on innovation systems was also studied. The
social  environment and public acceptance of
genomics/health biotechnologies in the countries under
study will be included in the analysis.

The NSI framework is increasingly guiding policy in
various ways in developing countries. In South Africa, for
example, the Biotechnology Advisory Committee (BAC)
prepared a Dbiotechnology strategy following an NSI
approach with the aim to increase biotechnology capacity
in the country. The identification of key institutions such
as governmental agencies to promote scientific capacity,
human capital and the necessary linkages between various
actors and institutions resulted in a recommendation by
BAC to create Regional Innovation Centres (RICs) as
nuclei for the development of biotechnology platforms
that can effectively launch new products and services (see

Box 4.2).

BOX 4.2 SOUTH AFRICA'S REGIONAL
INNOVATION CENTRES

In order to stimulate the growth of biotechnology in South
Africa, the Biotechnology Advisory Committee (BAC) present-
ed its recommendations to the government in 2001. National
priorities for biotechnology involve human health, food, secu-
rity and environmental sustainability. Factors that contribute to
strengthening biotechnology include a government agency
that supports biotechnology through building scientific capa-
bility and human capital. Successful commercialization of
public sector-supported R&D requires strong linkages within
the National System of Innovation. A key recommendation in
light of this by the BAC is the creation of several Regional
Innovation Centres (RICs) to act as nuclei for the development

of biotechnology platforms that can effectively launch new
products and services. The main goal of these RICs will be
economic growth in the biotechnology sector through inno-
vation. The RICs will be designed to support close collabo-
ration between academic and business ventures. New prod-
ucts create new intellectual property, and this needs to be
accompanied by the simultaneous creation of support struc-
tures for the protection and appropriate exploitation of the IP
generated. BAC stresses that no such venture will be suc-
cessful, however, without full engagement by the government
— and the government must take responsibility for promoting
public understanding of biotechnology, and for ensuring that
new biotechnology products and services do not threaten
human well-being.

The response to these recommendations has been swift. South
Africa’s bid to commercialize biotechnology is forging ahead
with the establishment of three new RICs, launched in March
2003. The science and technology department has allocated
R400 million (US $50 million) in funding to centres in
Gauteng, KwaZulu-Natal and Western Cape, each drawing
on regional strengths. The Cape Regional Biotechnology
Innovation Centre has been given a mandate to support pro-
jects in the areas of human health and industrial bioprocess-
ing. Already drawn up is a short list of 19 projects. These pro-
jects include initiatives to develop drugs from indigenous
plants to treat diseases such as malaria and tuberculosis, as
well as vaccines to combat various childhood diseases,
rabies, and the human papilloma virus, which can lead to cer-
vical cancer.

Although these are encouraging developments, there is consid-
erable scepticism about the future success of these RICs and it
will take some time and careful evaluation to determine their
contribution to the country’s innovation system.

SOURCE: hh‘p: / /www.safrica.info/ whcf_happening/ news/biotech.him
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Options for Deve|oping Countries to Build

Learning Systems

The health biotechnology innovation country case studies
discussed in the previous section should yield useful infor-
mation that could help identify factors and policies that
foster biotechnology innovation in the developing world.
They may also provide insights into potential barriers to
development. Other developing countries could apply the
experiences of these countries, within limits, to help
develop their own innovations systems and reap the ben-
efits of biotechnology. While there is no “one-size-fits-all”
model, there are lessons to be learned from these coun-
tries that have already had some successes in creating

2 And even

strong and vibrant biotechnology sectors.
where the NSI framework is not clearly spelled out,
developing countries can work on particular elements of
the framework in their effort to build capacity in biotech-
nology. For instance, they could focus on building human
resources by training scientists in genomics and bioinfor-
matics. Alternatively, they could explore ways of adapting
existing biotechnologies to low-resource settings. The fol-
lowing examples illustrate how developing countries can
take advantage of existing programs with organizations
that carry out these functions.

Building a Science Base by Re-energizing

Academic Institutions

Strengthening academic institutions and improving their
capabilities in the new life sciences is an essential compo-
nent of the National System of Innovation, as is the cre-
ation of a pool of trained scientists. Governments of devel-
oping countries will have to invest in higher education,
with a focus on the sciences, in order to create the human
capital and knowledge base to enable research and develop-
ment. Given the paucity of financial resources, most devel-
oping countries agree that this investment has to be careful

and measured. One way forward for these countries in the
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short term may be to invest in specialized departments or
research centers, perhaps within existing universities, that
focus on particular research areas and have clearly defined
research goals — such as the development of technology for
bioremediation. In Thailand, the National Centre for
Genetic Engineering and Biotechnology (BIOTEC) was
instrumental in setting up the new Microbial Genetic
Engineering Unit at Mahidol University, which focuses on
the study of microorganisms and also shares and dissemi-
nates genetic engineering techniques through training and
education. One of the projects the Unit is currently con-
ducting 1s the development of a strain of A. quadruplicatum
bacteria genetically engineered to be capable of controlling
and eliminating disease-carrying mosquito larvae in conta-
minated water. BIOTEC allocates approximately 70% of its
R&D budget to universities and research institutes, one
aspect of which is creating biotechnology-focused depart-
ments at universities in Thailand; the remaining 30% is used
for in-house research projects. Its overall mandate is to pro-
vide the resources for the country to develop the critical
mass of researchers necessary to achieve Thailand’s national
R&D targets in biotechnology.

Another way forward is to take advantage of training
opportunities in partnership with academic institutions in
the industrialized world. Such programs are offered by
many organizations. One such organization is the Fogarty
International Center (FIC) of the National Institutes of
Health (NIH). In October 2002, FIC and seven partners
announced six new research and training grants to support
international collaborations in human genetic sciences for
an International Collaborative Genetics Research Training
Program. FIC’s partners included the World Health
Organization, the National Human Genome Research
Institute (NHGRI), the National Institute of Mental
Health (NIMH), the National Institute of Neurological
Disorders and Stroke (NINDS), the National Institute on
Aging (NIA), the National Institute on Drug Abuse
(NIDA), and the National Institute of Environmental
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Health Sciences (NIEHS). The combined financial com-
mitment from FIC and its NIH partners is approximately
$2.3 million for the first year of these five-year awards. Total
support will be approximately $11.5 million over the next
five years.

The aim of the program is to apply the science of genet-
ics to help reduce health disparities between developed
and developing countries. For example, Columbia
University, in collaboration with scientists at the University
of Zulia in Venezuela, will provide training in the genetics
of common heritable disorders relevant to Latin America
and the Caribbean, with a focus on neurodegenerative dis-
eases. Through these types of specific partnerships, this pro-
gram aims to enable advances in human genetics research
by enhancing technical capacity in genetic science in
developing countries.

In addition to providing training in genetic sciences,
these projects propose to address the ethical, social, and
legal implications of performing genetics research in devel-
oping countries. Therefore, the collaboration between
Columbia University and the University of Zulia will not
only include training in human genetics, independent
research projects, and learning the process of developing
low-cost diagnostic methods for neurodegenerative dis-
eases but also addressing the associated ethical issues of
human genetics. The program was developed in consulta-
tion with scientists and health professionals from develop-
ing countries. The program organizers felt that this was
vital in identifying those public health needs in the devel-
oping world that can be addressed through genetics and
genetic technology with sensitivity towards the ethical,
social, legal, and cultural issues in developing countries.
Below in Box 4.3 are examples of three FIC projects
incorporating both the technical training to improve
capacity in developing countries and the ethical, social, and

legal implications related to the research.

BOX 4.3 EXAMPLES OF THE PROJECTS THAT
HAVE RECEIVED FIC AWARDS

Researchers at Yale University School of Medicine, in collabo-
ration with the Faculty of Medicine at Chulalongkorn University
in Bangkok, Thailand, will conduct a research-training program
in the genetics of drug dependence and the ethical, legal, and
social implications of genetics research. Thai researchers will
receive short- and long-term fellowships to train in the United
States. The project will also support field exchange training
rotations in Thailand for U.S. trainees.

Johns Hopkins University will collaborate with researchers at
Peking Union Medical College and Peking University in
Beijing, China, to provide training in the principles of genetic
research on complex disorders, including birth defects and
chronic diseases. Building expertise in the ethical, social, and
legal implications of human genetics research will be an inte-
gral part of the curriculum.

University of Pittsburgh, in collaboration with the Indian
Statistical Institute Centre for Population Genomics in Calcutta,
India, will build genetic-epidemiological research capacity in
India. Their research-training project focuses on genetic epi-
demiology and ethical conduct of human genetics research in
India, with particular emphasis on statistical and computation-
al genomics and molecular genomics. It will train personnel
who will develop large-scale genetic epidemiological studies in
India; and it will foster collaborations in human genetics
research between scientists in India and the United States.

SOURCE: hﬂp://www.nih,gov/news/pr/ochOOZ/Fic-22.htm

A potential point of entry for developing countries is the
field of bioinformatics — a relatively small investment com-

pared with expensive laboratory infrastructure.
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Bioinformatics can allow developing countries to participate
in quality research with relatively few resources. The UN
Science and Technology Task Force has identified bioinfor-
matics as one field of biotechnology that would encourage
local research. There are several training opportunities in this

field for developing country scientists (Box 4.4).

BOX 4.4 RESEARCH AND TRAINING IN
BIOINFORMATICS - A SPECIAL FOCUS

With appropriate training and software, computers and inter-
net connections, developing countries can develop human
resources to study pathogen sequences and biochemical path-
ways using genomics and bioinformatics. Most bioinformatics
algorithms and a lot of genomics data are “open source” or
freely available on the Internet. The Special Program for
Research and Training in Tropical Diseases (TDR) provides train-
ing opportunities for scientists. It is an independent global pro-
gram of scientific collaboration, established in 1975 and co-
sponsored by the United Nations Development Program
(UNDP), the World Bank, and the World Health Organization
(WHO). In 1994, TDR helped establish five international par-
asite genome networks to provide the opportunity for scientists
from disease endemic countries to participate and collaborate
in genome and post-genome projects. Following this, the TDR
initiative on developing capacity in bioinformatics was
launched in 2001. It has helped to establish regional training
centers for “Bioinformatics and Applied Genomics” located in
Brazil, South Africa, India and Thailand.*”® The rationale was
that capacity in bioinformatics is required for both basic
research as well as the development of new biotechnology
applications in disease control. TDR aims to:

- Train 20-30 disease-endemic country (DEC) scientists (‘train-
ers’) in bioinformatics in order for them to conduct local bioin-
formatics training in Africa, Asia and Latin America in the next
five years
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- Establish sustainable regional networks of centres and expertise
for the promotion and integration of bioinformatics and DNA
technology in basic research and management of tropical
diseases using existing and newly developed infrastructure

- Establish a distance-learning program for bioinformatics in
DECs

As a first step — “training the trainers” — the International
Training Course on Bioinformatics and Computational Biology
Applied to Genome Studies was held in 2001, in Brazil. The
objective was to develop a multi-disciplinary and international
network for bioinformatics applied to pathogen genome
research and to prepare participants to teach similar courses
in their home countries. The next steps are to initiate regional
training courses in Africa, Asia and Llatin America, and a
Bioinformatics Career Development Grant for exceptional sci-
entists identified from these courses. In the longer term,
Masters and Doctoral training programs will be developed.
The centres in South Africa, Brazil, India and Thailand will pro-
vide regional training courses in bioinformatics. Despite the
fact that TDR’s bioinformatics initiative is quite young, consid-
erable progress has already been made in strengthening insti-
tutions and training researchers from developing countries,
helping them to reach self-reliance in this field of modern bio-
logical research.*™

A similar effort has been initiated at the South African National
Bioinformatics Institute (SANBI) at the University of the Western
Cape, South Africa: the Bioinformatics Capacity Development
Research Unit. This initiative recognizes the competitive oppor-
tunities in bioinformatics for smaller, less developed countries
since bioinformatics does not require prohibitively costly infra-
structural investment. SANBI emphasizes biological research
located in and focused on Africa and African concerns. Its goals
include the development of an online, specialized resource for
genomics and genome informatics; capacity development in
genomics and bioinformatics in South Africa; and the develop-
ment and implementation of genome annotation methods. The
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Unit aims to heighten awareness of bioinformatics in South
Africa and to assist the country in making optimal use of this
technology. It offers services in databases - nucleotide, protein,
structure (including the human genome sequence and derived
data); software tools for bioinformatics/genomics; countrywide
training in bioinformatics and genomics; and a bioinformatics
support network of South African scientists. The first workshop for
African scientists on bioinformatics, held in 2003, attracted sci-
entists from several African countries. A bioinformatics network
of researchers in seven African countries has been established
with the Unit as the hub.

International Collaboration to Adapt Technology

to Low-Resources Settings

One barrier to development is that technologies developed in
the industrialized world do not rapidly find applications in
developing countries. Countries that have some scientific
capacity can work with organizations like the Sustainable
Sciences Institute or the International Development R esearch
Centre (IDRC) to adapt existing technologies to their needs.
As a nonprofit entity, the Program in Appropriate
Technologies for Health (PATH) plays a critical role in pro-
viding technology-related services and innovative solutions
to health care problems. It works as a partner with devel-
opment agencies, governments, NGOs and private industry
to achieve: rational choice of health care technologies;
widespread and effective use of technologies; sustainable
systems of supply and support; and global standards of safe-
ty and quality.”

The Sustainable Sciences Institute (SSI) is another non-
profit organization involved in improving global public
health by helping scientists in developing countries gain
access to the technologies needed to address local problems
related to infectious diseases.'” Over the past decade, SSI
has conducted its successful Applied Molecular Biology/
Appropriate Technology Transfer Program (AMB/ATT) to

transfer molecular biological techniques to developing

countries for application to public health and the biomed-
ical sciences. The program consists of workshops covering
various phases of scientific methods, from the introduction
of molecular biology and epidemiology to their implemen-
tation in the field. Courses are taught in laboratories in the
host country with available local resources and in the local
language. They emphasize a rigorous, yet low-cost scientif-
ic approach. Participants gain hands-on technical experi-
ence with molecular biology techniques, and training in
good laboratory practices and scientific methodology.
Experiments focus on the application of these techniques
to locally prevalent infectious disease problems. Participants
are trained to formulate research questions and design sci-
entific projects, and ultimately develop grant proposals for
external funding. Box 4.5 shows one example of a molec-
ular diagnostic tool recently developed in partnership with
developing country scientists and adapted for use in

Nicaragua, Ecuador and Sri Lanka.

BOX 4.5 SUSTAINABLE SCIENCES INSTITUTE
AND THE IMMUNOSENSOR

A recent joint project of SSI and the Department of Electrical
Engineering and the School of Public Health at University of
California, Berkeley has resulted in the “ImmunoSensor”. This low-
cost, pointof-care diagnostic tool combines cutting-edge elec-
tronics with biological assays. The ImmunoSensor is a small (~1
mm?) computer chip, based on the same technology as the
Pentium® computer chip but with diagnostic capabilities. Batch
fabrication processes allow this technology to be manufactured
at low cost. The chip can perform data analysis and processing,
which makes the ImmunoSensor portable (data is recorded by a
small hand-held reader), disposable and affordable (under US$
0.50 per test). The chip can be designed to allow the simulta-
neous detection of multiple pathogens or antibodies. The proto-
type ImmunoSensor diagnoses dengue, the most prevalent mos-
quito-borne viral illness. SSI is currently coordinating field trials of
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the ImmunoSensor for the diagnosis of dengue in Nicaragua,
Ecuador and Sri Lanka in partnership with local scientists. The first
field trials of the dengue ImmunoSensor began in Nicaragua in
March 2004. Additional funding has been obtained for devel-
opment of HIV/AIDS diagnostic tests and viral load assays using
the ImmunoSensor platform. SSI and UC Berkeley are planning
to develop, validate and begin commercialization of the
ImmunoSensor in developing countries over a two-year period.
SSl also intends to devise novel business strategies for these coun-
tries to develop and market products tailored to their own needs.

SOURCE: www.ssilink.org

Improving the Po/icy Environment and

Encouraging Regional Cooperation

Governments can promote innovative learning through
visionary technology or economic policies. Alvaro Diaz,
Chile’s deputy economy minister, has recently unveiled a
policy “Biotechnology as a tool for development and well-
being” that aims to boost biotech research and to help com-
panies use biotechnology to strengthen the country’s econ-

"7 The policy has four main objectives: updating laws

omy.
that concern biotechnological activities; creating an overar-
ching regulatory body; developing scientific and techno-
logical capacity; and promoting entrepreneurial innovation
in biotechnology. Although many have welcomed this pol-
icy as a step in the right direction, others fear that it does
not sufficiently reflect the concerns of small and medium-
size biotechnology companies and consequently may not
foster innovation on a large scale.

A somewhat more focused policy in Cuba provided polit-
ical support for biotechnology over the last few decades that
allowed for government investment in developing modern
laboratories and incubation centers. These research centers
worked primarily on health biotechnology. This investment
has paid oft, with the discovery and patenting of meningitis-

B vaccine in the late 1980s. The vaccine has now been
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licensed to GlaxoSmithKline, which will market it in Europe
and the USA. Scientists in Cuba tend to play an active role
in national policy-making, and this in turn strengthens sci-
entific research institutions. For example, the directors of the
Centro de Ingenieria Genética y Biotecnologia (CIGB), and
of the Carlos Finlay Institute, are members of the State
Council. The fact that they play an influential role in deci-
sion-making underscores the importance of informed poli-
cy-making in fostering innovation.'”

Creating the appropriate policy environment for learning
and innovation requires multi-disciplinary dialogue. In part-
nership with other institutions, the University of Toronto’s
Joint Centre for Bioethics is in the process of conducting a
series of Genomics Policy Executive Courses in developing
countries, with funding from Genome Canada and the
International Development Research Centre (IDRC). The
purpose of these courses is to help draw necessary attention
to genomics policy in these countries in order to better pre-
pare them to assimilate and apply genomics technologies to
their needs. The main objectives are:

e To familiarize participants with the current status and
implications of genomics and biotechnology for health
in their country, and to provide information relevant to
public policy

* To provide frameworks for analyzing and debating the
policy issues and related ethical questions, and to help
understand, anticipate and possibly influence the legal
and regulatory frameworks which will operate, both
nationally and internationally

* To begin developing an opinion leaders’ network across
different sectors (industry, academic, government, and
voluntary organizations) by sharing perspectives and

building relationships

A wide range of topics is covered, starting with recent
scientific advances in genomics, followed by discussions on
business models in genomics and biotechnology, intellectu-
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al property rights and regulatory frameworks, public
engagement and internet-based opinion leaders’ networks
to foster multi-sectoral dialogue.

Four courses of the series have been held, in Africa,
India, the Eastern-Mediterranean Region, and Latin
America/Caribbean region.” The first was held in
Nairobi, Kenya in March 2002 and attended by scientists
from 10 African nations. Some of these already have strong
biotechnology capacity (like South Africa and Kenya) while
others gained from the course by sharing experiences and
establishing networks. The course in India was held in
January 2003 and was attended by scientists and representa-
tives from academic centers and industry, regulatory ofti-
cials, representatives from the legal sector, NGOs and jour-
nalists.”” The one for Latin America and the Caribbean was
held in Caracas in May 2004, with participation from the
various stakeholder groups from most countries in Latin
America plus two Caribbean countries. The multi-sectoral
participation at each of these courses ensured a rich dia-
logue on the potential for genomics to address health
needs. The dialogue continues via Internet-based opinion-
leaders’ networks for each region.

A number of recommendations emerged from each
course and Box 4.6 shows the recommendations from the
Eastern-Mediterranean Region course, held in Muscat,
Oman, in September 2003. The WHO’ Eastern
Mediterranean Regional Office (EMRO) has reviewed
these recommendations. Soon after the course, Ministers of
Health from the region, at the 50th Regional Committee
Meeting held in October 2003, urged Member States to
establish national bodies for genomics and biotechnology
to formulate strategic vision for creating public awareness
and for developing biotechnology for equitable health care
in the region." On close examination, it is evident that
many of these can be applied to developing countries else-
where in the world (e.g. the recommendation to conduct
foresight studies and health needs assessment) but others
may be more specific to the region (for instance, in India

there was emphasis on leveraging the country’s strengths in
traditional knowledge, genomic diversity and biodiversity).

One more course is planned for late 2004, for Southeast
Asia.

BOX 4.6 RECOMMENDATIONS ADAPTED FROM THE
EASTERN-MEDITERRANEAN REGION COURSE

The workshop participants recommended that EMRO urge
national governments to prioritize genomics for health and
health biotechnology. Effective advocacy material should be
provided to political leadership to emphasize links between
health biotechnology and poverty alleviation, public health,
and the need for transfer (and internalization) of science and
technology.

Each member state should create an effective National Body on
Genomics, Biotechnology and Health. The membership should
be multisectoral and include youth, women, and civil society.
EMRO, the Organization of the Islamic Conference Standing
Committee for Science and Technology (COMSTECH), and
other groups should facilitate coordination and networking
among national biotechnology bodies to exchange informa-
tion, expertise, training, and regional cooperation in produc-
tion and utilization of health biotechnology.

EMRO, in collaboration with member states and their National
Biotechnology Bodies, should conduct a national survey/inven-
tory/situation analysis/needs assessment of health biotechnol-
ogy innovation systems, including scientific and management
capacity, government policies, legislation and regulations, intel-
lectual property policies, private sector activity, and
strengths/weaknesses, opportunities and threats.

Based on evidence from the national survey, governments of
member states should develop and adopt, at the highest level,
a national biotechnology strategy.
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The National Biotechnology Body should encourage academ-
ic institutions including schools and universities, to include
health biotechnology topics within their curricula and create
specialized programs and degrees where appropriate. There
should be particular emphasis on information and communica-
tion technologies (ICT) and bioinformatics.

The National Biotechnology Body, in collaboration with the rel-
evant ministries, should develop a plan to integrate genetic and
genomics products (e.g. diagnostics, vaccines, therapies, and
other genomic priorities), within public health programs.
Emphasis should be on accessibility and equity to improve
health of the poor.

There is a need for strong personal commitment to strengthen the
initiative on genomics and biotechnology to improve health and
well being of people in the EMRO Region. Workshop partici-
pants, as well as other concerned individuals, are encouraged to
actively engage in the implementation of these recommendations.

A common sentiment among the participants in all the
courses held so far was that a key requirement for building
scientific capacity is access to scientific knowledge. It is
important to achieve a balance between the requirements
of the scientific and technological research community for
open access to the most current scientific information and
acknowledging and maintaining a healthy intellectual prop-
erty rights regime that provides incentives to various stake-
holders.”" Understanding, interpreting and effectively
leveraging international agreements on intellectual proper-
ty rights and trade is an essential component of the learn-
ing process to build scientific capacity. Furthermore, foreign
investment rises when countries can ensure intellectual
property protection. In the last decade, a number of devel-
oping countries have expressed discontent with interna-
tional intellectual property rights and their perceived bias
towards the industrialized world. But interestingly many

CHAPTER FOUR

observers feel that developing countries are moving towards
a paradigm in which they are not only adopting, but also
adapting, intellectual property laws to serve their own
needs. The recent failure of the Cancun talks, in mid-2003,
points in fact to success when viewed from an alternative
perspective — the recognition by Brazil, China and India
that developing countries can use international trade laws
to their advantage to strengthen their negotiating positions.
Almost all Ministers from the developing countries have
reaffirmed their faith and confidence in the multilateral
trading system and appear to support the sentiment reflect-
ed in the statement made by Celso Amorim, Foreign
Minister of Brazil: “the WTO is irreplaceable not only for
Brazil, or for members of G-20, but also for all developing
countries.”'*

Many developing countries and international organiza-
tions agree that training in patent law and intellectual prop-
erty protection is urgently needed. In 2002, the R ockefeller
Foundation launched the Centre for the Management of
Intellectual Property in Health Research and Development
(MIHR). The aim of MIHR is to help build technology
management capacity in developing countries, and espe-
cially to conduct research and share best practices in the
management of intellectual property to promote global
health. This international organization is based in Oxford,
United Kingdom, but has linkages and activities all over the
world. MIHR has developed a handbook of best practices,
conducted workshops in South Africa, Egypt and India, and
is now exploring partnerships with the Indian Council for
Medical Research, South Africa’s Medical Research
Council and other technical agencies in developing coun-
tries. One of MIHRs primary goals is to raise the stature
and build capacity of technology managers and technology
management offices in publicly funded health research
institutions in developing countries — so they can enter into
sound, viable “indigenous” public-private partnerships that
are accountable to the public interest." '™ A major chal-
lenge that still remains, and that is relevant to many devel-
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oping countries, is how to recognize and protect tradition-
al knowledge within this international IPR regime. Some
commentators believe that the intellectual property rights
designed to protect commercial innovations are inappropri-
ate for protecting traditional knowledge." In response,
developing country policy makers, who deal with trade,
development, agriculture, health, culture, and the environ-
ment, have begun to give careful consideration to the
implications of intellectual property laws on traditional
knowledge and indigenous peoples. For example, the
Philippines government has passed the Traditional and
Alternatives Medicine Act (TAMA) of 1997 or Republic
Act 8423, which acknowledges and institutionalizes the
ownership of knowledge of traditional medicines by

indigenous societies.'

According to this law, when outside
users draw on such knowledge, the indigenous societies
require them to acknowledge its source and demand a share
of financial return that may come from its authorized com-
mercial use. There are now several anecdotal examples, from
all over the world, of countries harnessing and protecting
traditional knowledge — like India’s overturning of the con-
troversial turmeric patent and the South African San
Council’s agreement with the Council for Scientific and
Industrial Research (CSIR) of South Africa that recognizes
the San people’s traditional knowledge of the Hoodia
plant’s medicinal properties.

Encouraging Private Enterprise

One important goal of strengthening the scientific base and
improving science policy in developing countries is the gen-
eration of new goods and services of significance to improve
health in developing countries. Stimulating the biotechnol-
ogy industry in developing countries is one way to achieve
commercialization of R&D. As mentioned earlier, forward-
looking economic policies have tended to improve condi-
tions for private enterprise in general in recent years, allow-
ing countries with large market potential like India and

China to enjoy considerable growth in the private sector.

These countries took steps to liberalize their economies and
strengthen protection of intellectual property rights in order
to create incentives for foreign direct investment.

International collaboration between companies may also
help to foster private sector growth in developing countries.
Recently Genematrix, an early-stage Korean biotechnology
company, entered into a collaborative agreement with
Variagenics, a U.S.-based pharmacogenetics company.
Through this partnership, Genematrix hopes to gain exper-
tise in applying pharmacogenomics to all phases of drug and
diagnostic development from discovery to commercializa-
tion and bring important diagnostic products to the South
Korean market. In return, Variagenics will benefit from
GeneMatrix’s genomic data from targeted Asian populations.

South-South collaboration between companies in devel-
oping countries can also create new opportunities for
entrepreneurs. Cuba’s Heber Biotech, a semi-private com-
pany, has helped to commercialize its biotechnology prod-
ucts. By 1998, Heber Biotech was recording about $290
million (U.S.) annually in sales of hepatitis B vaccines and
pharmaceuticals in 34 countries.”” Now the company is
entering into partnerships with other developing countries.
In 2001, it established a joint marketing venture with Kee
Pharmaceuticals of India. The company’s new division ‘Kee
Biogenetics’ has launched India’s first recombinant DNA
streptokinase, “Cardiostrep,” owned by Heber Biotech,
which is capable of dissolving coronary clots and prevent-
ing heart attacks. The company aims to use special pricing
to access the $11 million Indian market."

Specific initiatives to help small and medium enterprises
in biotechnology are a recent and promising development in
some countries. The Egoli BIO life sciences incubator,
launched in February 2003, is a business incubator that aims
to nurture small, medium and micro-sized biotechnology
enterprises for commercialization. Egoli BIO seeks to act as
a “development conduit for the commercialization of life
sciences research, products, services and technology plat-
forms” in South Africa.”™ The company works closely with
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Biopad (Biotechnology Partnership for Development), itself
charged with stimulating economic development, con-
tributing to job creation, and building world-class skills and
technology platforms to sustain and continue development.

Creating incentives for private enterprise is not likely to
be sufficient for private sector growth without simultane-
ous growth in human capital. China, for instance, has been
trying to attract back its scientists trained overseas through
various incentives (some of these somewhat controversial —
such as limiting the time spent abroad during post-doctor-
al training). Critical factors to consider for the growth of
private firms in developing countries include the relatively
small academic base, the lack of human capital and financial
resources, the absence of a market-oriented research cul-
ture, few large national (or even international — although
this is changing gradually) biotechnology companies, and
inexperience by academic institutions in mechanisms to
transfer research findings to companies.

Finally, the linkage between basic/applied research activ-
ities and commercial enterprise continues to be critically
weak in most developing countries. Strengthening this link
could help to provide fresh stimulus to academic research
and re-energize universities and could also be instrumental
in the translation of basic research into important commer-
cial products for local use — such as molecular diagnostic
tools. This link between academia and private sector is
something many countries, even in the industrialized
world, have struggled with — countries like France and
Germany, for instance, have had limited success in this
sphere. Perhaps the country that has most effectively
strengthened the interaction between academia and indus-
try is the United States. In 1980, the Bayh-Dole act creat-
ed incentives for U.S. universities to translate academic
research discoveries into innovative commercial products. It
granted them ownership of patents arising from federally
funded research, as a consequence of which universities
have licensed many thousands of patents to the private sec-
tor. Although some analysts are skeptical about the impact

CHAPTER FOUR

of the act,”™ others feel this legislation has been instrumen-
tal in energizing universities and strengthening the link
between academia and the private sector.” Over the last
few decades there has been a gradual but perceptible
change in the role of U.S. universities as “ivory towers” of

research to active participants in economic growth.

Conclusion

The processes and initiatives described in this chapter
demonstrate some ways in which countries are developing
capacity in genomics and biotechnology. There is evidence
that mechanisms that foster learning and national systems of
innovation can create the scientific capacity countries need
to absorb and use biotechnologies to address their heath
and development needs.

This report on the contribution of genomics to the
MDG:s follows those of the UN Science and Technology
Task Force, the Inter-Academy Council on Science and
Technology Capacity and the UN Commission on Private
Sector and Development to outline strategies that develop-
ing countries can adopt to develop their science base for
health and economic development. It brings greater focus
to elements of this strategy, using the example of genomics
and related biotechnologies and their potential influence
on efforts to achieve the Millennium Development Goals.
It describes the need for a global international partnership
that can shepherd the process of knowledge-sharing to fos-
ter capacity-building in the developing world. It specifies
the ways in which genomics can help to address the health-
related MDGs, and stresses the need for developing coun-
tries to build capacity in genomics in order fully to harness
the potential of this exciting and promising field of life sci-
ences. The report echoes the findings of the reports of the
UN Science and Technology Task Force, the Inter-
Academy Council and the UN Commission on Private
Sector and Development.

We present in Box 4.7 the main conclusions from this
report.
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BOX 4.7 CONCLUSIONS

The development gap between developing countries and the industrialized world continues to grow. The international
community is beginning to promote science and technology to reduce this gap. The genomics revolution holds tremen-
dous potential to improve health in developing countries and, if harnessed appropriately, could help to reduce the devel-
opment divide between North and South.

Genomics and related biotechnologies can help to achieve the United Nations Millennium Development Goals. Fast,
accurate molecular diagnostic devices, safer recombinant vaccines, female-controlled vaginal microbicides and low-cost
bioremediation tools are a few of the biotechnologies that can have an impact.

Genomics knowledge has the characteristics of a global public good. In order to harness the benefits of genomics for
development, the developing world needs, above all, access to genomics knowledge.

The promotion of the science of genomics as a global public good and the encouragement of global knowledge flows
could best be achieved through international partnerships. A Global Genomics Initiative (GGI) or international partnership
of public and private entities from both North and South could catalyze genomics knowledge and learning worldwide.

Countries that have genomics capacity are best positioned to take advantage of the genomics revolution to meet their
health needs. For the transfer of technologies to be effective and sustainable, they must be accompanied by transfer of
science and knowledge. As well, receiving countries must have the capacity to absorb and use the technology.

Learning is important for building genomics capacity, and is central to the creation of National Systems of Innovation in
biotechnology in developing countries. These countries can strengthen the building blocks of the NSI framework through:

Re-energizing academic institutions and public sector research to strengthen their science base.
Training people and building human capital to use, adapt and innovate biotechnologies.
Encouraging regional and international cooperation to create new channels for knowledge exchange and trade.

e o o p

Improving the policy environment (including intellectual property laws and regulation) to encourage the building of
capacity.

e. Fostering the growth of the private sector and encouraging it to address local health needs, and strengthening link-
ages between public and private sectors to create new biotechnology goods and services.
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GLOSSARY

ATG,C

The four bases of DNA, Adenine, Thymine, Guanine and
Cytosine. These are organic molecules made up of carbon,
nitrogen, oxygen and hydrogen and they form the ‘rungs’ of
the DNA ladder. Typically, A pairs with T, and G pairs with C.

Amino acid

One of a class of 20 molecules that form the ‘building
blocks’ of proteins in all living organisms. The sequence of
amino acids in a protein and hence protein function are
determined by the sequence of bases in the corresponding
DNA (the genetic code).

Amplification

An increase in the number of copies of a specific DNA
fragment; amplification can be in vivo (in an organism, such
as bacteria or yeast) or in vitro.

See also: cloning, polymerase chain reaction

Annotation

Addition of pertinent information such as the gene coded
for, or the corresponding amino acid sequence or other rel-
evant commentary to raw DNA sequences in databases.
See also: bioinformatics

Antibody

A protein that is produced by the immune system in

response to, and counteracts, an antigen.

Antigen

A molecule that triggers an immune response in the body.
It induces the formation of antibodies because it is recog-
nized by the immune system as a threat. It may be a foreign
(non-native) substance from the environment (such as
chemicals) or formed within the body (such as bacterial or

viral toxins).

Base

One of the molecules that form DNA and RNA, along
with a sugar (either deoxyribose or ribose) and phosphate
groups. In DNA, these are adenine, thymine, guanine and
cytosine, while in RINA thymine is replaced with uracil.
See also: A, T, G, C, base pair, base sequence, nucleotide

Base pair

Two nitrogenous bases (in DNA, adenine-thymine and
guanine-cytosine) held together by weak bonds. The two
strands of DNA double helix are held together by the
bonds between base pairs (bp).

Bioinformatics

The science of managing, storing, and analyzing large-scale
biological data, such as genomic sequences, using advanced
computing techniques.

Bioremediation
The use of biological organisms such as plants or microbes
to aid in removing hazardous substances from the environ-

ment.

Biotechnology
Technology that uses biological organisms and processes in

the industrial production of goods and services.

Cancer

Diseases in which abnormal cells divide and grow
unchecked. Cancer can spread from its original site to other
parts of the body and can be fatal.

See also: hereditary cancer, sporadic cancer

Cell
The basic unit of any living organism that performs bio-
chemical processes of life.

See also: genome, nucleus

GLOSSARY 61



Chloroplast
A sub-cellular compartment of a plant cell that captures the
energy of sunlight for the production of glucose from car-

bon dioxide and water.

Chromosome
The self-replicating genetic structure of cells containing
cellular DNA. Humans have 23 pairs of chromosomes in

each cell of the body.

Clone
An exact copy of biological material such as a DNA seg-
ment (e.g., a gene or other region), a whole cell, or a com-

plete organism.

Cloning

The process of using DNA technology to produce multiple,
exact copies of biological material. Examples include the
cloning of DNA using recombinant technology. A second
type of cloning exploits the natural process of cell division
to make many copies of an entire cell. The genetic makeup
of cloned cells, called a cell line, is identical to the original
cell. A third type of cloning produces complete, genetically
identical animals such as the first cloned mammal, Dolly.

Cloning vector

DNA molecule originating from a virus, a plasmid, or the
cell of a higher organism into which another DNA frag-
ment of appropriate size can be integrated without loss of
the vector’s capacity for self-replication; vectors introduce
foreign DNA into host cells, where the DNA can be repro-
duced in large quantities. Examples are plasmids, cosmids,

and yeast artificial chromosomes.

Cold chain
A complex refrigeration system spanning production to
administration, required for most conventional vaccines to

preserve them and ensure their effectiveness.

Combinatorial chemistry

A set of easily-automated techniques for producing many
different chemical compounds in a short period of time;
combinatorial chemistry is commonly used by the pharma-
ceutical industry for drug discovery and development.

Comparative genomics

The study of genes by comparisons between different
organisms such as humans and mice, or the fruit fly.
Similarities between the genomes of different organisms
can help identify disease genes, or can help in annotation.

Diagnostic
A technique used to diagnose the presence of infection in
the body; molecular diagnostics rely on detecting “markers”

— molecules that are unique to the pathogen.

DNA (deoxyribonucleic acid)

The molecule that encodes genetic information that
encodes proteins and through which this information is
passed on from generation to generation. DNA is a double-
stranded molecule held together by weak bonds between
base pairs of nucleotides. There are four types of nucleotides
in DNA (the four building blocks). Each nucleotide con-
sists of a base, a sugar (deoxyribose) and a phosphate group.
The four nucleotides in DNA consist of the bases adenine
(A), guanine (G), cytosine (C), and thymine (T). In nature,
base pairs form only between A and T and between G and
C; thus the base sequence of each strand is complementary
to and can be deduced from that of its partner.

DNA sequence

The relative order of base pairs, whether in a DNA frag-
ment, gene, chromosome, or an entire genome. The DNA
sequence codes for and determines the sequence of amino
acids in the corresponding protein.
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Double helix
The ‘spiral ladder’ structure that two linear strands of DNA
assume when complementary nucleotides on opposing

strands bond together.

Drug target

A Dbiological molecule that interacts with an exogenous
molecule (the drug) in such a way that its activity is altered,
and consequently, changing an outcome. For example, sev-
eral pain medications act upon and inhibit an enzyme
called cyclooxygenase-2 (COX-2) which triggers the
release of prostaglandins that cause inflammation.

ELISA (enzyme-linked immunoabsorbant assay)

Enzyme-linked Immunosorbent Assays (ELISAs) combine
the specificity of monoclonal antibodies with the sensitivi-
ty of simple enzyme assays, by using antibodies or antigens
coupled to an easily-assayed enzyme (an enzyme whose
activity can be easily measured). ELISAs can provide a use-

ful measurement of antigen or antibody concentration.

Embryonic stem (ES) cells
An embryonic cell that can replicate indefinitely, transform
into other types of cells, and serve as a continuous source of

new cells.

Enzyme
A protein that acts as a catalyst, speeding the rate at which
a biochemical reaction proceeds but not altering the direc-

tion or nature of the reaction.

Escherichia coli

Common bacterium that has been studied intensively by
geneticists because of its small genome size, normal lack of
pathogenicity, and ease of growth in the laboratory.

Gel electrophoresis

Gel electrophoresis is a method that separates biological

macromolecules - either nucleic acids or proteins - on the
basis of their size, electric charge, and other physical prop-
erties. An electric current is applied across the gel medium
and the molecules travel at different speeds through the
medium towards the oppositely charged pole. For instance,
DNA is negatively charged, and large pieces of DNA move
less rapidly through a gel than small pieces. Two-dimen-
sional (2D) gel electrophoresis separates proteins in one
direction based on their charge (isoelectric point) and in

the second dimension on their molecular mass.

Gene

The fundamental physical and functional unit of heredity. A
gene is an ordered sequence of nucleotides located in a par-
ticular position on a particular chromosome that encodes a

specific functional product (i.e., a protein or RINA molecule).

Gene-gun

A device used for insertion of foreign DNA into plant cells
by propulsion. In the original gene-guns (invented by John
Sanford, Cornell University) the foreign gene is coated on
a pellet that is shot into a cell. The gene inserts itself ran-
domly into the genome of the cell. Newer models are more

efficient at gene incorporation.

Gene mapping
Determination of the relative positions of genes on a

chromosome and of the distance between them.

Gene product
The biochemical material, either RNA or protein, resulting

from expression of a gene.

Gene therapy

An experimental procedure to replace, manipulate, or sup-
plement nonfunctional or malfunctioning genes with
healthy genes in living tissue. Typically, a carrier molecule
called a vector must be used to deliver the therapeutic gene
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to the patient’s target cells. Currently, the most commonly
used vector is a virus. Viruses are able to introduce their
genes into human cells. Scientists have taken advantage of
this fact, and genetically engineered viruses to carry thera-

peutic human DNA instead of disease-causing genes.

Genetic code

The sequence of nucleotides that determines the sequence
of amino acids in protein synthesis. Each set of three
nucleotides (called codons) codes for one amino-acid in the

corresponding protein.

Genetic engineering

The alteration of genetic material of cells or organisms to
enable them to make new substances or perform new func-
tions. This is usually achieved by recombinant techniques or
by using a gene gun. Also known as genetic modification

and gene technology.

Genetic marker
A gene or other identifiable portion of DNA whose inher-
itance can be followed.

Genetic polymorphism
Difference in DNA sequence among individuals, groups, or
populations (e.g., genes for blue eyes versus brown eyes).

Genetic festing

Analyzing an individual’s genetic material to determine
predisposition to a particular health condition or to con-
firm a diagnosis of genetic disease.

Genetics
The study of inheritance patterns of specific traits.

Genome
All the genetic material in the chromosomes of an

organism.

Genomics

The study of genomes. In our report, we have used
genomics to mean: the powerful new wave of health-relat-
ed life sciences energized by the human genome project
and the knowledge and tools it is spawning.

Highly conserved sequence
DNA sequence that is very similar across several different

types of organisms.

High-throughput sequencing
A fast method of determining the order of bases in DNA.

See also: sequencing

Immunotherapy
Using elements of the immune system to treat disease, for
example, in the development of vaccines.

Intron
DNA

sequence of a gene; an intron is transcribed into RNA but

sequence that interrupts the protein-coding

is cut out of the message before it is translated into protein.
See also: exon

Kilobase
Unit of length for DNA fragments equal to 1000
nucleotides.

Knockout
Deactivation of specific genes; used in laboratory organisms
to study gene function. A knockout mouse can be studied

for the effects caused by the inactivation of a particular gene.

Mapping
See: gene mapping, linkage map, physical map

Mass spectrometry

A technique used to identify chemicals in a substance by
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their mass and charge. One application has been in pro-
teomics to determine the amino acid sequence of proteins.

Megabase
Unit of length for DNA fragments equal to 1 million
nucleotides.

Messenger RNA (mRNA)
RNA that is encoded from DNA and serves as a template

for protein synthesis.

Microarray
Set of miniaturized chemical reaction areas (wells) that may
also be used to test DNA fragments, antibodies, or proteins.

Microbicide
A substance that can reduce or prevent infection. Vaginal
microbicides can prevent sexually-transmitted infection and

may Or may not act as a contraceptive.

Microinjection
A technique for injecting DNA into animal cells with a

tiny needle.

Mitochondria
Organelles in cells that convert food into energy.

Model organisms

A laboratory animal or other organism useful for research.

Molecular biology
The study of the structure, function, and makeup of bio-

logically important molecules.

Molecular pharming
The development of transgenic plants or animals to pro-
duce human proteins for medical use.

Molecular genetics

The study of molecules important in biological inheritance.

Molecular medicine
The treatment of injury or disease at the molecular level.
Examples include the use of DNA-based diagnostic tests or

medicine derived from DINA sequence information.

Monoclonal antibodies

Antibodies of exceptional purity and specificity that are
able to recognize and bind to a specific antigen. They are
derived from the progeny of a single immune cell.

Multiplexing
A laboratory approach that performs multiple sets of reac-

tions simultaneously; this increases speed and throughput.

Mutagen
An agent that causes a permanent genetic change in a cell.
Does not include changes occurring during normal genet-

ic recombination.

Mutation
Any change in normal DNA sequence.

Nitrogenous base

A nitrogen-containing molecule with the chemical proper-
ties of a base (such as ammonia). DNA contains the
nitrogenous bases adenine (A), guanine (G), cytosine (C),
and thymine (T).

Non-communicable diseases

Generally refers to chronic diseases that cannot be transmitted
horizontally from person to person, as opposed to communi-
cable or infectious diseases such as malaria or tuberculosis. They
may or may not have a hereditary component (and therefore
could be transmitted vertically from one generation to the

next). Examples include cancer, diabetes and heart disease.
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Nucleic acid

A large molecule composed of nucleotide subunits. DNA
and RNA are nucleic acids.

See also: DNA

Nucleotide

A subunit of DNA or RNA consisting of a nitrogenous
base (adenine, guanine, thymine, or cytosine in DNA; ade-
nine, guanine, uracil, or cytosine in RNA), a phosphate
molecule, and a sugar molecule (deoxyribose in DNA and
ribose in RNA). Thousands of nucleotides are linked to
form a DNA or RNA molecule.

Nucleus
The cellular organelle in eukaryotic cells that contains most

of the genetic material.

Peptide
Two or more amino acids joined by a bond called a “pep-

tide bond.” Proteins are made up of peptide chains.

Pharmacogenomics
The study of the interaction of an individuals genetic
makeup and response to a drug.

Phytoremediation
The use of natural and genetically-engineered plants for
cleaning up environmental pollution; a sub-field of biore-

mediation.

Plantibodies

Antibodies produced by genetically-engineered plants.
They are low-cost alternatives to monoclonal antibodies
produced in mammalian culture, but suffer from some dis-
advantages.

Plasmid

Bacterial cells contain independently replicating circular
DNA molecules, distinct from the normal bacterial
genome and nonessential for cell survival under normal
conditions. Plasmids are used to insert foreign genes into
bacterial cells. As the bacterial cells replicate, the foreign
DNA multiplies. A number of artificially constructed plas-

mids are used as cloning vectors.

Polymerase chain reaction (PCR)

A method for making several copies of a DNA base
sequence. PCR also can be used to detect the existence of
the defined sequence in a DNA sample, such as in foren-

sics.

Polymerase, DNA or RNA

Enzyme that catalyzes the synthesis of nucleic acids on pre-
existing nucleic acid templates, assembling RINA from
ribonucleotides or DNA from deoxyribonucleotides.

Probe

A small molecule that is able to bind to another molecule
in a sample, such as particular sequence of DNA, or a par-
ticular protein. The probe is labeled with another molecule
in order to make it detectable. For example, a fluorescent
probe lights up and can be detected when it binds its com-

plementary partner.

Profein

A macromolecule composed of one or more chains of
amino acids in a specific order; the order is determined by
the base sequence of nucleotides in the gene that codes for
the protein. Proteins are required for the structure, func-
tion, and regulation of the body’s cells, tissues, and organs;
and each protein has unique functions. Examples are hor-

mones, enzymes, and antibodies.
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Proteome

All the proteins expressed by a cell or a tissue at a particu-
lar time and under specific conditions. Unlike the genome,
which is constant and identical in all the body cells, the
proteome changes constantly depending on the require-

ments of the organism at a given time.

Proteomics
The study of the proteome.

Recombinant DNA molecules
A combination of DNA molecules of different origin

joined using recombinant DNA technologies (see below).

Recombinant DNA technology

Any procedure for combining DNA from two or more dif-
ferent sources. It makes use of restriction enzymes to cut
and introduce foreign DNA into a plasmid or other vector.
Under appropriate conditions, a recombinant DNA mole-
cule can enter a cell and replicate there (using, for instance,
a gene gun). The function of the isolated foreign DNA can
be studied using this technique, or the expressed protein
can be harvested, as in molecular pharming.

Restriction enzyme

Bacterial enzymes used in recombinant DNA technolo-
gy to cut DNA for insertion of foreign DNA. (Their pur-
pose in nature is to protect bacteria against intruding
DNA from other organisms). They are very specific, rec-
ognizing short, specific nucleotide sequences in DNA
molecules and cutting at specific points within these
sequences. Bacteria contain over 400 such enzymes that
recognize and cut more than 100 different DNA
sequences. Once the DNA is cut and the foreign DNA
introduced, the enzyme ligase seals the ends to make a
continuous DNA molecule.

Ribose

A five-carbon sugar that is a component of RINA.
Deoxyribose is the corresponding sugar in DNA.The pres-
ence of an extra O atom in RNA makes this molecule
more reactive than DNA, which is why DNA is the form
in which hereditary information is stored and RNA is the

form in which information is decoded to form proteins.

RNA (Ribonucleic acid)

A biological macromolecule found in the nucleus and
cytoplasm of cells; it plays an important role in protein syn-
thesis and other chemical activities of the cell. The structure
of RNA is similar to that of DNA. It is also made up of
nitrogenous bases: adenine, uracil, guanine and cytosine.
There are many kinds of RNA molecules, including mes-
senger RNA, transfer RINA, ribosomal RNA, and other
small RINAs, each serving a different purpose.

Sanger sequencing
A widely used method of determining the order of bases
in DNA.

Sequencing
Determination of the order of nucleotides (base sequences)
in a DNA or RNA molecule or the order of amino acids
in a protein.

Shotgun sequencing

Sequencing method that involves randomly sequenced
cloned pieces of the genome, with no foreknowledge of
where the piece originally came from. This can be con-
trasted with “directed” strategies, in which pieces of DNA
from known chromosomal locations are sequenced.
Because there are advantages to both strategies, researchers
have used both random (or shotgun) and directed strategies

in combination to sequence genomes.
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Single nucleotide polymorphism (SNP)
DNA sequence variations that occur when a single

nucleotide (A, T, C, or G) in the genome sequence is altered.

Stem cell

Undifterentiated, primitive cells in the bone marrow that
have the ability both to multiply and to differentiate into
specific blood cells.

Structural genomics
The effort to determine the 3D structures of large numbers
of proteins using both experimental techniques and com-

puter simulation

ST

Sexually transmitted infection — diseases transmitted pri-
marily through sexual intercourse (such as HIV/AIDS,
Chlamydia, gonorrhea).

Transgenic
A genetically-engineered organism in which DNA has
been artificially introduced and incorporated into the

organism’s germ line.

Therapeutic

A substance used to treat a disease after diagnosis.

Vaccine
A pathogen-derived substance containing antigens that
stimulates the immune system to produce antibodies but

does not cause infection.

Vector

An agent, such as a virus or a plasmid that can carry a for-
eign gene into a cell. Can also refer to an organism that
transfers a pathogen to a host (e.g. mosquitoes act as a vec-

tor for Plasmodium falciparum which causes malaria).

Virus

A non-cellular biological entity that can reproduce only
within a host cell.Viruses consist of nucleic acid covered by
protein; some animal viruses are also surrounded by mem-
brane. Inside the infected cell, the virus uses the synthetic
capability of the host to produce progeny virus.
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